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Some years ago a number of investigators made a study of 
the changes wrought in the blood of man by muscular work. 
The majority of these determined only the changes in the num- 
ber of the red or white corpuscles or in the specifie gravity 
immediately at the close of the exercise and at one later period. 
In this study we have endeavored to follow the sequence of 
the changes in the blood’s content of erythrocytes, total leuco- 


cytes, variety of leucocytes, platelets, and haemoglobin, and 


also the variations in the specific gravity, from the moment 
the exertion ended until equilibrium was again attained; and 
to find an explanation of these changes. In addition we have 
examined the blood of several athletes throughout a period of 
training to determine the effects of regular and frequently 
repeated muscular work. 

The routine followed in each of our work experiments com- 
prised a preliminary determination of the normal number of 
the several varieties of blood corpuscles, the percentage of 
haemoglobin, and the specific gravity of the blood. After this 
the subject either ran eight-tenths of a mile around a part of 
the college campus, or made a rapid run of 260 yards in a build- 
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ing in the course of which he ascended three flights of stairs, 
or worked for 15 or 20 minutes on a stationary bicycle. In 
several experiments the subject ran two miles on a cinder track. 
Immediately at the close of the exercise blood samples were 
taken from a finger so punctured that the blood flowed freely. 
At intervals of 15 minutes, or thereabout, other samples were 
drawn from fresh punctures until it was found that the normal 
condition of the blood was reéstablished. For these observ- 
ations we had nine subjects and made thirty-six experiments. 

The percentage of haemoglobin was determined with the 
Gower-Haldane haemoglobinometer and the counts of blood 
corpuscles were made with the Thoma-Zeiss haemocytometer. 
The red corpuscles were diluted with Hayem’s solution, the 
white corpuscles with a 1 per cent solution of acetic acid, and 
the platelets with Wright and Kinnicutt’s mixture of cresyl 
blue and potassium cyanide. In making the differential counts 
of the leucocytes Wright’s triple stain was employed and two 
or three hundred of the corpuscles counted in at least two 
spreads of blood. For the specific gravity a series of wide- 
mouthed bottles containing mixtures of glycerine and water of 
different densities was employed. 


PERCENTAGE OF CHANGES IN THE BLOOD 


An increase in the number of red corpuscles occurs during 
muscular exertion. Willebrand (1) found this increase to vary 
between 2.9 and 23.4 per cent. Zuntz and Schumburg (2) 
in a study of German soldiers during marches obtained in- 
creases of 247,000 to 650,000 per cubic millimetre or an average 
increase of 9 per cent. Hawk (3) in his study of college athletes 
found the increase in the number of red corpuscles to vary 
from 400,000 to 1,460,000 or from 7.3 to 26.7 per cent. The 
minimum rise in the erythrocytes in our own experiments was 
200,000 and the maximum 1,180,000. The percentage of 
increase varied between 3.2 and 22.8. The increase in the 
number of red corpuscles for a given exertion was not constant. 
,One of our subjects ran eight-tenths of a mile twelve times, 
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the concentration in red corpuscles varied between 3.2 and 11.1 
per cent. We believe these differences find an explanation in 
the distribution of the blood as determined by previous activity 
and stage of digestion. 

The changes in haemoglobin, on the whole, were proportion- 
ate, but not always equal, to the increase in the number of the 
erythrocytes. The increase in our subjects varied between 
3.5 and 10.9 per cent The maximum rise in haemoglogin was 
scarcely half the maximum for the red corpuscles. The parallel- 
ism was decidedly lacking in two experiments and in these the 
red corpuscles were far in excess. These two experiments gave 
our maximum figures for the rise in erythrocytes. 

Hawk cites three investigations in which a leucocytosis was 
found after muscular work, the number of leucocytes varied 
from 11,400 to 22,200. His own observations on athletes 
showed the increase in the number of leucocytes to vary from 
1,930 to 9,500 per cubic millimetre or from 21 to 104.4 per cent. 
Zuntz and Schumburg in their study of soldiers obtained an 
average leucocytosis of 43 per cent or an increase of 2,470 to 
3,080 over the number found when the men were at rest. We, 
likewise, have found, following exercise, a corresponding in- 
crease in the number of white corpuscles; this increase varied 
from 1,170 to 11,670 while the percentage ranged from 13.8 to 
130.2. 

The influence of muscular activity upon the several kinds of 
leucocytes has been considered by Zuntz and Schumburg. 
They obtained an increase of polymorphonuclears of from 6 
to 11 per cent and a decrease in the lymphocytes of from 3 to 
17 per cent. Burrows (4), on the other hand, in a study of a 
single case found that exercise decreased the polymorphonuclear 
elements and increased the lymphocytes. Our own differential 
counts are invariably in accord with those of Zuntz and Schum- 
burg and show an increase of from 9 to 45 per cent in polymor- 
phonuclear elements and a decrease of from 14 to 55 per cent in 
the lymphocytes. Burrows found that convulsions increased 
the polymorphonuclears and decreased the lymphocytes and 


attempted to establish the fact that these changes were not due 
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to muscular activity but to a pathological condition. Our 
records correspond closely with the changes he found in these 
cases of convulsions and indicate that the blood changes observed 
by him after the convulsions may have been wholly due to the 
muscular activity of the attack. 

We find no record of observations on the blood platelets 
following exercise. There was in our experiments a marked 
fall in the number per cubie millimetre, shortly after the ces- 
sation of muscular action, of from 17 to 30 per cent. This 
was later followed by an increase which carried the number 
above the normal 17 and more per cent. 

The specific gravity of the blood in muscular activity has 
been carefully studied by Jones (5). He found that it usually 
varied directly with the red corpuscles. However, he reports 
that gentle exercise is accompanied by a fall, while the more 
prolonged or violent forms of exercise are accompanied by a 
rise in the specific gravity. Zuntz and Schumburg constantly 
obtained an increase in the specific gravity of the blood. The 
exercises used by us invariably caused a rise. 


THE SEQUENCE IN THE CHANGES 


We were unable to follow in every experiment all of the blood 
changes in which we were interested; nevertheless, in the large 
number of experiments made we have studied each change many 
times and in considerable detail. On several occasions the 
observations covered the six factors. The results of one of these 


experiments are given in the curves of figure 1. These show the 
sequence of the alterations in the blood as they were found to 


occur following a run of eight-tenths of a mile. The curves 
bring out rather clearly the fact that the changes in the number 
of erythrocytes, percentage of haemoglobin, and specific gravity 
are more or less parallel and suggest that they may be the 
result of a common causative factor. The curves showing 
changes in the number of leucocytes, lymphocytes, and plate- 
lets are placed together because of an association to be shown 
later. 
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The immediate effect of the exercises used was a concentration 
of the blood of the peripheral capillaries. Within a very few 
minutes after the completion of the exercise the blood began to 
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an hour and a quarter. The time required seemingly wa 


i 
1 
~ ~ 
/ 
/ 
/ \ 4 
\ / 
\, 
] 270000) \ 
20 + 
2500001 \ / Herogiobir 
V Cry/hrocy 
250000; Specifi 
Portelets 
Nae a 


244 Es. C. SCHNEIDER AND L. C. HAVENS 


dependent upon the length of the period of muscular activity. 
However, the return to the normal condition of the blood was 
only temporary, the diluting process so continued that the 
composition with respect to haemoglobin, erythrocytes, and 
specific gravity soon became subnormal. The entire diluting 
process lasted from 50 minutes to 2 hours. After this the blood 
again concentrated and soon restored to the normal the three 
factors. - The entire series of post-exercise changes was usually 
completed within 1 or 2 hours. 

The maximum and minimum figures for the variations in 
haemoglobin, red corpuscles, and specifie gravity in the various 
experiments showed some differences. Ina number of instances 
the haemoglogin rose above and fell below the normal by an 
equal amount; in others the degree of dilution was less than the 
amount of concentration; while in four instances the subnormal 
stage did not appear. The percentage of change for haemo- 
globin and the number of red corpuscles was sometimes the same ; 
for example, maximum haemoglobin 3.4, erythrocytes 3.2, 
minimum haemoglobin 3.4, and erythrocytes 3. Very frequently 
the percentage of change for the number of red corpuscles was 
greater than that for the haemoglobin as the following illustrates: 
maximum of haemoglobin 5.5 and of red corpuscles 6.9, minimum 
of former 5’and of latter 8, and another in which both the 
maximum and minimum for haemoglobin were 4.2 and for the 
red corpuscles 9.1. 

The specific gravity varied directly with the red corpuscles, 
so that having determined the normal for both and the change 
in either the number of corpuscles or the specific gravity the 


amount of change for the other could be fairly closely predicted. 


The specific gravity variations were all similar to the following: 
1) normal 1.068, maximum after exercise 1.0705, minimum 
1.066; (2) normal 1.070, maximum 1.0715, minimum 1.069. 
The form of the curve showing the sequence of the variations 
in the number of the leucocytes per cubie millimetre of blood 
does not correspond with those for haemoglobin, erythrocytes, 
and specific gravity. The percentage increase in leucocytes 
at the end of the exertion was usually far greater than it was 
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for these other factors and this gives a higher apex to the plot- 
ted curve. Usually the return to the normal number of white 
corpuscles was more abrupt, and occasionally slower, than was 
the case for haemoglobin or red corpuscles. Instances in which 
the changes were parallel were exceptional. The leucocyte count 
rarely showed a subnormal stage. 

Differential counts of the leucocytes indicate a slow destruc- 
tion of the lymphocytic elements of the blood following muscular 
work. Immediately at the close of the exertion there was, as 
a rule, no definite change in the proportions of the various kinds 
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of leucocytes. Slowly thereafter throughout a period of from 
1 to 2 hours the polymorphonuclear elements increased and the 
lymphocyte index, which is obtained by adding the total num 
ber of mononuclears, the large and small lymphocytes, large 
mononuclears, and transitionals, decreased. The details ot 
these changes as they were found in a typical experiment are 
given in Table I. The lymphocytic index was found to fall 
from 23 to 52 per cent. The following are examples of the 
total change in the index: 41.5 to 20, 39 to 26, and 42 to 26. 
The return to the normal proportions of the kinds of leucocytes 
was also gradual, requiring a period of from 2 to 4 hours. Dr 
G. B. Gilbert informs us that the return to the normal lympho 
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cyte index may be delayed as much as 24 hours after a night of 
dancing. The change in the proportion of the several varieties 
of leucocytes can not be accounted for by an influx of certain 
kinds from the tissues during exertion, since although the total 
number of leucocytes is enormously increased during the exer- 
cise the differential counts were, at the immediate close of work, 
either only very slightly or not at allaltered. Further the changes 
in the differential counts continued long after the normal number 
of leucocytes per cubic millimetre had been restored. 

The changes in the number of the blood platelets did not corre- 
spond to those of the other blood elements studied. Immedi- 
ately at the close of muscular work, as was the case with the 
lymphocytes, it was found that there was either no change or a 
very slight decrease in the number. However, there then fol- 
lowed, apparently as a consequence of a destructive process, 
a rapid fall in the number which reduced the platelets within 
30 to 60 minutes from approximately 350,000 to 250,000 per 
cubie millimetre. After this came a period of rapid increase 
which resulted in an over-production. Hence within an hour 
or two after exertion the number exceeded the normal from 17 
to 25 per cent. Later as is shown in figure 1 there was a return 
to the normal number. 

Hawk found in his study of various kinds of college athletic 
activities that the increase in the number of red corpuscles in 
the blood became gradually less pronounced as the exercise was 
continued. This he believed pointed toward the possibility 
of an actual decrease due to a rapid destruction of red corpuscles 
in prolonged violent exercise. We have five observations bear- 
ing on this point in which the subjects had walked a distance 
of 9.7 miles to the top of Pike’s Peak, ascending approximately 
7,900 feet. The average grade was 1 in 6 or 7, with some half 
dozen stretches of considerable length with a 25 per cent grade. 
The ascent was made in from 4 to 5 hours. It should be here 
noted that each man drank as much water as he desired during 
the climb. For three of the men only haemoglobin determi- 
nations were made, of these on arrival at the summit one showed 
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a drop from 112, his normal in Colorado Springs, to 10S or a fall 
of 3.6 per cent; the second gave no change, his normal 112 be 

ing obtained; the third bad an increase from 111 to 116 or 4.5 
per cent. Both the haemoglobin and the number of red cor- 
puscles were determined for the other two subjects. One gave 
a haemoglobin reading of 116 and had 6,514,000 red corpuscles 
per cubic millimetre in Colorado Springs, while upon arrival 


at the summit the haemoglobin was 127, or concentrated 9.5 
per cent, and the red corpuscles 6,920,000, an increase of 16.2 
per cent. The fifth man had in Colorado Springs a haemoglobin 
content of 112 and 6,224,000 red corpuscles, arriving on Pike's 
Peak these had increased to 128 or 14.3 per cent and to 6,872,000 
or 10.4 per cent respectively. The after-diluting process which 
soon produces a subnormal condition, occurred in each subject 
but could not be followed to the end because of lack of proper 
light for titrating the blood. In the last two subjects obser- 
vations throughout a period of 4 hours failed to show the proe- 
ess of dilution completed. 

These results, taken as a whole, do not support Hawk’s theory 
that there is an increased destruction of erythrocytes during 
muscular activity. The work accomplished was severe and long 
continued and thus gave ample time for destruction of corpuscles 
Nevertheless, in only one of the five men was there a suggestion 
of such destruction. Our subject who showed the lowered con- 
tent of haemoglobin was known to be the least fit physically. 
Circulatory observations, such as arterial, capillary, and venous 
pressures, and rate of blood flow, proved that he did not react 
as well as physically strong men. Evidence, which is given 


later, suggests that the decrease in the haemoglobin and red cor- 


puscles was not due to an actual destruction of corpuscles but 


rather to their stagnation in some of the capillaries because of 
fatigue. 
Zuntz and Schumburg found the blood concentrated in sol- 


diers who had marched for seven hours over a course of 24.75 
kilometres carrying loads of from 27 to 31 kilos. 


SCHNEIDER AND L. C. HAVENS 
THE EXPLANATION OF THE BLOOD CHANGES 


Hawk advances six possible explanations for the increase of 
erythrocytes in exercise. These are (1) the production of new 
corpuscles, (2) concentration of the blood through increased urine 
formation and copious sweating, (3) concentration of the blood 
through increased evaporation in the lungs, (4) passage of fluid 
from the blood to the active muscles, (5) concentration of the 
blood through vaso-motor contraction and rise in blood pressure, 
and (6) sudden passage into the blood of a large number of cells 
lying dormant in various parts of the body. He is inclined to 
accept the last factor as the primary cause of the increase in 
red corpuscles since in a short run, such as a hundred yard dash, 
involving only a few seconds in time there would not be suffi- 
cient opportunity for any of the first five factors to accomplish 
the degree of concentration observed. As exercise is continued 
the factors of copious sweating, accelerated urine formation, 
increased evaporation from the lungs, and the passage of fluid 
from the blood to the working muscle, all help to keep up the 
concentrated condition of the blood and so obscure his predi- 
cated opposite action, namely an accelerated destruction of red 
corpuscles. Willebrand believes that the withdrawal of water 
from the blood by the working muscles is the primary cause of 
the concentration. Zuntz and Schumburg accept Willebrand’s 
explanation. 

To account for the leucocytosis found to be present after 
muscular activity, Hawk adds another to the six factors men- 
tioned above; it is that there is a changed distribution of the 
leucocytes followed by their accumulation in the peripheral 
circulation. This he believes is the primary cause of leucocyto- 


sis, which he further explains by the fact that greatly increased 


rapidity of circulation would throw out from the interior into 
the general circulation a great number of leucocytes which 
arriving in the peripheral arterioles and venules would lag be- 
hind the general blood stream and produce an apparent leucocyto- 
sis of large dimensions. Zuntz and Schumburg believe since 
the white corpuscles increase so much more than the red that 
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a different explanation must obtain for their increase. They 
hold that the passing of wandering cells from the tissues into the 
general circulation is an adequate explanation. 

We have attempted in several series of experiments to deter- 
mine the importance of the various explanations offered for the 
changes in the blood during exertion. That there is a stagnation 
of red corpuscles which withdraws large numbers from the 
general circulation is indicated in the following observation. 
In this experiment the subject ran eight-tenths of a mile in 4 
minutes and 50 seconds. His blood was then examined at 
intervals until found to be well down in the subnormal stage 
when he once more ran, in 53 minutes, the same distance. The 
results follow: 


Normal 
1 minute after first run 
23 minutes after first run 
minutes after first run 
minutes after first run 
minutes ran second time 
minute after second run 123 
7 minutes after second run 118 
minutes after second run 116 
minutes after second run 111 
minutes after second run 111 
minutes after second run 112 


As a result of the first run the haemoglobin content had in- 
creased 6.8 and the number of red corpuscles 12.5 per cent; 
in the second the haemoglobin again rose above the normal 5.1 
and the red corpuscles 10.9 per cent, while they were 7.9 and 14.5 


per cent respectively above their content at the start of the 


second run. The return of both, during the second run, to 
almost the values obtained after the first makes it probable 
that we are not here dealing with a loss of water from the body 
but only with a side-tracking of a large mass of corpuscles. 
Abdominal pressure experiments. Mitchell (6) reported that 
in a healthy subject general massage increased the number of 
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red corpuscles and to a lesser degree, or sometimes not at all, 
the haemoglobin. He obtained in a case of chronic lead 
poisoning an increase in the erythrocytes from 4,000,000 to 
4,500,000 with the application of abdominal massage for 25 
minutes. This observation points to the splanchnic area as a 
large source of reserve corpuscles and led us to test the influence 
of abdominal massage. It early became apparent that pro- 


longed abdominal massage was not necessary to bring about 


the rise, so instead a heavy weight of lead foil, weighing 25 
pounds and so shaped as to fit between the lower ribs and the 
top of the pelvis, was placed on the abdomen of the reclining 


TABLE 2 


Weitght-massage of the abdomen 


HAEMOGLOBIN ERYTHROCYTES LEt 


Normal 115 6.328.000 9 600 
5 minutes 120 6,876,000 10,200 
20 minutes 119 6,856,000 10,000 

Normal 106 5,240,000 8,000 
minutes 10S 5,432,000 8 400 
16 minutes 110 5,640,000 8,300 

Normal 116 6,392,000 
$f minutes 119 6,688,000 
19 minutes 23 6,976,000 


subject. The act of breathing moved the weight slightly and 
gave a massage effect with the result that in 2 or 3 minutes an 
increase in haemoglobin and red corpuscles was evident in the 
peripheral circulation. Such experiments were prolonged 10 
to 30 minutes. Frequently the maximum change in the blood 
oecurred within 5 minutes but in others was delayed as much as 
20 minutes. We used six subjects and each several times for 
these observations. The data for three typical experiments 
are given in table 2. The average increase for all of our obser- 
vations was haemoglobin 5.1 and red corpuscles 8.7 per cent. 
These figures are strikingly close to the average of the increases 
obtained from all of our work experiments in which the average 
increase in haemoglobin was 6.3 and in red corpuscles 9.6 per 
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cent. Immediately after a meal and while digestion was at its 
height abdominal pressure failed to alter the blood. 

Prevention of return to normal. If the splanchnic area is the 
chief reservoir of reserve red corpuscles it may be that pressure 
on the abdomen after exertion, by delaying side-tracking, will 
prevent the return to the normal content of haemoglobin and 


erythrocytes. To test this two methods were employed, the 


first, which was the least effective, was to draw a belt around the 
abdomen as tightly as possible within three minutes after the 
return from a run; the second was to have the subject take the 
reclining posture with the lead weight on the abdomen 

methods were always effective in preventing to a considerable 
degree the dilution. Thus in one experiment by use of the tight 
belt with the subject standing, after a run of eight-tenths of a 
mile had increased the haemoglobin from 113 to 118 and the red 
corpuscles from 5,840,000 to 6,560,000, at the end of an hou 
and a half the haemoglobin was still 115 and the erythrocyte 
count 6,144,000. A protocol of an experiment for which the 
subject ran a half mile in 3 minutes and 58 seconds and 
afterward reclined with a weight resting on his abdomen follows 


Normal 107 5.680.000 
Just in 115 560.000 
19 minutes later 114 

39 minutes later 113 6.228.000 
61 minutes later 111 6.240.000 
85 minutes later 111 6. 100,000 


23 minutes after the weight was removed 107 5, 696 000 
Curves have been plotted for this experiment in figure 2 and 
placed in contrast with curves from a typical experiment when 
the diluting process was not interfered with. The curve for the 
typical reaction returns to the normal level and passes into the 
subnormal phase in about 50 minutes, while that expressing the 
condition in which abdominal pressure was employed only 
descends half way to the normal in 85 minutes. It is improb- 
able that either method used for preventing the stagnation of 
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blood in the splanchic area is completely effective hence we 
conclude that the splanchnic area is the primary source of the 
reserve of red corpuscles thrown into the general circulation 


during muscular activity. 
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Fig. 2. A comparison of the changes in the haemoglobin and red corpuscles 


after runs of eight-tenths of a mile following which the abdomen was in one 


instance compressed and in the other not under pressure. 
Work and abdominal pressure experiments at a high altitude. 


Two series of observations made upon the summit of Pike’s 
Peak, on subjects who had sojourned there from 3 to 10 
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days, strengthen the above conclusions. In one series six sub- 
jects did muscular work either by making a run of 175 yards 
up a path of considerable grade, a part being a 25 per cent in- 
cline, or ran about a half mile on the level, or worked for about 
15 minutes on a stationary bicycle. In eleven experiments 
the customary rise in haemoglobin, red corpuscles, and specific 
gravity did not occur. While in a majority immediately at the 
close of exertion the blood had not changed, in three instances 
it had diluted 2 and more per cent. In each work experi- 
ment the post-diluting process appeared as at the lower alti- 
tude. A typical protocol for a half mile run is given below: 


HAEMO- ERYTHRO 
GLOBIN CYTES 


Normal 126 0665 360,000 
Just in 126 0660 

30 minutes later 124 0645 280.000 
55 minutes later 11S 6400 

80 minutes later 120 


This lack of increase of haemoglobin and erythrocytes during 
physical exertion at the high altitude invalidates Willebrand’s 


explanation of the concentration, which is also accepted by 
Zuntz and Schumburg. They believed that the blood was 


concentrated in exercise by the passage of fluid from the blood 
to the active muscles. If this explanation is correct the blood, 
during exertion, should have been concentrated as much on 
Pike’s Peak as in Colorado Springs. These observations also 
show that loss of water from the body by evaporation from the 
lungs, and by increased sweating and urine formation is not an 
adequate explanation of the concentration that occurs at the 
low altitudes. 

A series of ten abdominal pressure experiments was made in 
the same manner as at the lower altitude and in several the 
abdomen was also vigorously kneaded for some minutes before 
the weights were placed in position. The striking feature of 
these experiments was an opposite reaction from that obtained 
by a similar procedure at the low altitude, instead of an increase 
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in haemoglobin and red corpuscles a reduction in both of from 
2 to 4 per cent was obtained. The following is a typical result 
from an experiment in which both kneading and pressure were 
employed: 


KED 


HAEMOGLOBIN 
CORPUSCLES 


Normal 23 6,744,000 
Pressure 5 minutes : 6,568,000 


Pressure 13 minutes 2 6,496,000 


These massage-pressure experiments show clearly why the 
blood failed to concentrate during exercise on Pike’s Peak. 
The reserve of corpuscles had been depleted because of the great 
need of oxygen at the high altitude. At low altitudes the need 
for a greater supply of oxygen occurs only during muscular 
activity; at high altitudes the need is also felt during rest, with 
the result that even at the beginning of muscular work there are 


no corpuscles remaining in reserve, and therefore there is no 


increase with exercise. 

The influence of adrenalin. Having found evidence that the 
splanchnic area is an important and very likely primary reser- 
voir for the superabundant red corpuscles during inaction, the 
question arose as to how the extra supply was thrown into the 
general circulation during exercise. In view of the recent re- 
searches by Canon (7) and his pupils which show the relation 
of the adrenal medulla to muscular activity; and in view of the 
fact that v. Anrep (8) had shown that an increase of carbon 
dioxide in the blood, such as occurs in exercise, by stimulating 
certain nerve centers, caused the suprarenals to secrete more 
freely; and because it was well known that the circulation of the 
abdomen is shifted to the general circulation by this secretion, 
it occurred to us that we were dealing with another of the adap- 
tive functions regulated by adrenalin. We, therefore, ad- 
ministered by mouth to a subject, when the stomach was empty, 
a Parke, Davis and Company preparation of adrenalin with the 
following results: 
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45 drops of adrenalin administered at 11.34 a.m 


Normal 6.064.000 S600 


In 10 minutes 6,272,000 6.800 


In 20 minutes 6.440.000 7.800 


In 30 minutes 6,280,000 8400 
16 drops more administered 34 minutes later 


40 minutes after first dose 121 6,472,000 
55 minutes after first dose 1 11S 6,296,000 


70 minutes after first dose 117 6,176,000 


The first effect of adrenalin so administered would no doubt 
be a vaso-constriction of the splanchnic area and, as Edwards 
(9) has recently shown in a study of the compensatory distribu- 
tion of the blood during stimulation of the splanchnic nerve, 
there would be an increased transfer of blood to the vascular 
circuits of the head and extremities sufficient to compensate for 
the diminished flow through the portal circuit. If then a large 
mass of red corpuscles has been side-tracked in the splanchnic 
area and blood plasma withdrawn, the constriction of the ves- 
sels of this large vascular area would force the stagnant mass 
of red corpuscles on toward the heart into the general circulation 
and thus give the increase in haemoglobin and red corpuscles 
found in the above record.’ 

How account for the changes in the number of leucocytes and 


platelets? Several fragmentary observations show clearly that 


the changes occurring in the leucocytes and platelets as a result 
of physical exertion are not produced in the same manner as 
those in the haemoglobin, red corpuscles, and specific gravity. 
In three experiments on Pike’s Peak the changes in the number 
of leucocytes and platelets were followed through a part of the 
process and they were found to react exactly as at the lower 
altitude. The white corpuscles increased as much as 57 per 
cent in a run, and the platelets decreased fully 28 per cent, while 
they later showed the customary overproduction. Thus we here 
find proof for the contention of other workers that the increase 
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in leucocytes in exercise can not be the result of the same re- 
action that increases the number of red corpuscles. At high 
altitudes exercise squeezes the lymph out of the muscles and 
drives it toward the heart just as at low altitudes, and with it 
would be carried the leucocytes gathered from the tissues. The 
supposition that the leucocytes are derived from the tissues 
other than the splanchnic area was further supported by the 
abdontfinal pressure determinations made in Colorado Springs, 
some of which are recorded in table 2. In these the leucocytes 
were only increased from 4 to 7 per cent, while in exercise they 
increased 14 to 130 per cent. 

Some connection appears to exist between the mononuclear 
or lymphocyte index and the variation in the number of plate- 
lets. For some minutes after the exertion there appears to be a 
destruction of platelets which in turn very likely leads to a dis- 
appearance of the lymphocyte elements. Brown (10) has shown 
when an excessive demand for platelets exists that the mono- 
nuclear and transitional cells in the marrow, spleen, and blood 
may form platelets. Here then is a possible explanation for the 
decrease in lymphocytes. 
~The picture of the blood changes in exercise may be briefly 

| summarized. During muscular inaction a large mass of the 
blood is diverted to the splanchnic area, where it probably stag- 
nates and gives up plasma as lymph. There is also through- 
out the remainder of the body, especially in the limbs, an ac- 
cumulation of lymph. With the onset of muscular activity the 
carbon dioxide content of the blood rises, this carbon dioxide 
stimulates the central nervous centers which regulate the secre- 
tion of the suprarenal glands, hence the output of adrenalin is 
increased. The adrenalin causes a constriction of the blood 
vessels of the splanchnic area, this forces the stagnant red cor- 
puscles into the general circulation, thus giving the rise in specific 
gravity, haemoglobin, erythrocyte, and leucocyte content of the 
peripheral blood. Further the contraction of the voluntary 
muscles accelerates the flow of lymph, throwing lymph rich in 
leucocytes into the blood. The increase in-red corpuscles and 
haemoglobin makes it possible to supply more readily the greater 
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demand for oxygen made by the active muscles. Shortly after 
the close of the exercise the carbon dioxide content of the blood 
falls below normal, as a result the discharge of adrenalin be- 
comes subnormal and the blood once more accumulates in the 
splanchnic area, so that there is a gradual return to the normal 
composition and even a temporary subnormal content in red 
corpuscles. 


BLOOD CHANGES DURING A PERIOD OF ATHLETIC TRAINING 


Some data has been accumulated to show the influence of train- 
ing upon the blood. This phase of the work was disappointing 
since we were unable to secure the hearty coéperation of the sub- 
jects that was necessary to furnish a complete picture of changes. 
We had only three men who were available both before they 
began training and during the season of spring athletics. One 
subject who trained for the two mile run was followed closely, 


the others gave opportunity for only a few observations during 


each period. Briefly, the results of these studies show an in 
crease in haemoglobin and red corpuscles during the period of 
training for two of the subjects and no change in the third, 
For the subject followed closely the average content of haemo- 
globin in the foreperiod was 111.9 and during the height of train- 
ing 115.8, which is an increase of 3.6 per cent. The red cor- 
puscles averaged in the foreperiod 6.2 millions and 6.5 millions 
per cubic millimetre while in training, or an increase of 4.8 per 
cent. The second subject showed an average increase of 9.4 
per cent in haemoglobin, this rose, as a result of training, from 
an average of 117 to 128. The erythrocytes increased from 6.1 
to 7.2 millions or 18 per cent. No change was found to occur 
in the number of leucocytes and platelets. For the subject 
followed most carefully differential counts of the leucocytes were 
made in sufficient numbers in both periods to permit a compari- 
son. There was an increase in the lymphocyte index of 4.1 
per cent. In the untrained condition the lymphocyte index 
averaged 37, while during the period of splendid condition it 
was 38.75. 
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A series of determinations of the total oxygen capacity of the 
blood and total blood volume was made on the one subject 
closely studied. The results of this study appear in Table 3. 
The determinations were made by the carbon monoxide method 
of Haldane and Lorrain Smith (11). 

No change in total oxygen capacity and blood volume is shown 
by these determinations. With the haemoglobin of this subject’s 
blood only increased 3.6 per cent, it is unlikely that the method 
of determining total oxygen capacity is exact enough to detect 
so small a change. 

rABLE 3 (SUBJECT I 


PERCENTAGE PERCENTAGE 
oF OXYGEN 
HAEMOGLOBIN CAPACITY 


TOTAL OXYGE 
CAPACITY 


February 13 113 20.5 1032 
February 20 109 1039 
February 27 109 , 1003 
March 24! 113 1037 
April 17 112 r 1045 
May 3 116 21.3 1057 


1 Training began March 1. 
SUMMARY 


1. The immediate influence of physical exertion upon the blood 
of the peripheral capillaries was one of concentration in which 
the percentage of increase varied as follows: haemoglobin 3.5 
to 10.9, erythrocytes 3.2 to 22.8, and leucocytes 13.8 to 130.2. 
The specifie gravity increased proportionately with the red 
corpuscles. 

2. Within a few minutes after the close of the exertion the 
blood began to be diluted and this usually resulted in a sub- 
normal specific gravity and content of haemoglobin and red 
corpuscles. 

3. At the end of the exertion the differential counts of the leuco- 


cytes showed no change, but very soon the polymorphonuclears 
increased 9 to 45 per cent and the total number of mononuclear 
elements decreased 14 to 55 per cent. 
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4. The number of platelets was unchanged at the close of the 
exercise. However, there then followed a period of decrease 
which reduced them 17 to 30 per cent. Later there was a period 
of overproduction which carried the number above the normal 
17 to 25 per cent. 

5. Long continued and severe exertion apparently does not 
cause an increased destruction of red corpuscles. 

6. A repetition of a run when the blood has passed into 
the subnormal condition practically restores the maximum 
concentration. 

7. Abdominal massage and pressure raise the content of 
haemoglobin and red corpuscles in the blood of the peripheral 
capillaries. 

8. A tightly drawn belt or pressure on the abdomen following 
exertion prevents in large measure the dilution of the blood. 

9. At an altitude of 14,109 feet the blood does not concentrate 
during exercise. However, the changes in white corpuscles 
and platelets occur as at the lower altitude. 

10. Abdominal massage and compression cause a dilution of 
the blood at the high altitude. 

11. Adrenalin administered by mouth causes the blood in the 


peripheral capillaries to be concentrated. 

12. During a period of training for spring athletics the per- 
centage of haemoglobin and the number of red corpuscles were 
found to increase. The number of leucocytes and platelets 


was not changed. The mononuclear elements were increased 
4.1 per cent. No change in total oxygen capacity or total blood 
volume was found. 
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A cursory examination of the dental literature of the last few 
years shows one topic—the influence of the salivary secretion 
upon dental caries—to be of vital interest, a topic often dis- 
cussed and about which many articles have been written. 

The importance of the saliva in the etiology of dental caries 
is a well established fact, but the variability in the composi- 
tion of the secretion has rendered the exact study of the saliva 
difficult. 

The history of the work done and the theories advanced, con- 
troverted, and again advanced, is voluminous. The whole 
subject, in fact, has been so well discussed by others that a rep- 
etition here or references to all authors would involve a resumé 
which seems at this time unwarranted. The omission of many 
names then, is not prompted by lack of courtesy, but from the 


desire to omit all possible extraneous material and only those 


authors are mentioned whose work has a direct bearing on the 
problem in hand. 

The different phases of the subject which have been under 
discussion at various times are numerous. In Johnson’s (2 
Operative Dentistry is found an elaborate theory by G. W. Cook 
in which he undertakes to prove that mucie acid may be found 
in the mouth and that it is responsible for many eroded areas on 
the tooth structure. His suggestion, however, is insufficiently 
supported by scientific evidence. According to our present day 
knowledge of physiology and pathology, mucic acid never 
occurs in the human body. Rose (14) has shown that mucic 
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acid is not an intermediary product in the metabolism of galac- 
tose-yielding sugars. Furthermore Thierfelder (15) working on 
the isomer of mucie acid, saccharic acid, says that although this 
acid results from the oxidation of glycuronic acid in vitro there 
is no evidence that this change can take place in the animal 
organism. 

Pickerill (3) has attacked the problem from the standpoint 
of reaction to different stimuli and has shown in tabular form the 
increase in alkalinity of a saliva which has been activated by 
acid substances. 

Important contributions have been made by Gies (4) and his 
co-workers. In a series of carefully conducted experiments 
covering over three years they have given us results which have 
thrown much needed light on the problem in hand. 

He fails to find a definite relation between the general composi- 
tion of the saliva and the condition of the teeth and notes that 
the systemic condition of the patient has a direct bearing upon 
susceptibility to dental caries. Bunting (5), Bédecker (6), Howe 
(8) and others have given us the benefit of their theories but 
unfortunately they fail in nearly every instance to describe their 
experiments and their theories can hardly be regarded seriously 
without such detail. 

Kirk (7) brings out some important data in relation to indi- 
eators in the titration of saliva, by comparing results obtained 
with methyl orange, congo-red, litmus, phenolphthalein and 
thymolphthalein. He defines Pickerill’s index of alkalinity 
as an index of the power of the mucin to clear the saliva of its acid 
content by forming an acid mucin coagulum. In fact he seriously 
questions the reliability of Pickerill’s results pointing out quite 
definitely that the use of methyl orange in weak solution depends 
too much upon the personal equation to insure the obtaining 
of trustworthy data. 

The reaction of saliva is amphoteric, that is to say it exhibits 
the power of neutralizing both acids and bases. Many of the 


body fluids show this phenomenon. Fresh milk is amphoteric; 


urine is often amphoteric to litmus, i.e., it will show both an acid 
and alkaline reaction to that indicator. Sutton (11) says ‘Saliva 
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which is generally neutral to litmus is always strongly alkaline 
to lacmoid or congo-red and acid to tumeric.’’ The indicator- 
method of neutrality determination does not show the exact 
neutrality point. The method is comparable with itself and 
not with the electrolytic method of determining neutrality. 

The alkalinity of the saliva has been variously stated as being 
due to dibasic sodium phosphate and also sodium carbonate. 
Raymond (12) quotes Chittenden and Richards (13) as saying 
that ‘‘Human saliva contains normally no sodium carbonate what- 
ever the alkalinity, as indicated by litmus, lacmoid, et cetera, is 
due to hydrogen alkali phosphates (and is equivalent to 0.08 
to 0.10 per cent Na,CO;) and to possibly some alkali bicarbonate. 
Mixed saliva invariably reacts acid to phenolphthalein.”’ Taylor 
(16), on the other hand, claims that “Fresh saliva is quite neutral 
but becomes faintly alkaline as the CQO, is dissipated, later it 
becomes acid again through bacterial action.’’ Allaria (18) 
states that his experiments ‘‘Prove the saliva from breast-fed 
babies to be acid.’”’ Gies (4) reports at the inception of his work 
that ‘“‘In practically every instance the reaction was alkaline to 
both litmus and lacmoid and in every case was acid to phenol- 
phthalein.’’ All of Gies’ reports express acidity. 

There seems to be a little confusion among the different ex- 
perimenters in regard to the results obtained. This may be due 
to a lack of observance of standard conditions in obtaining the 
samples or to different indicators used. 

The choice of indicators in this work is not large. The dis- 
solved gases, as CO., precludes those indicators which are affected 
by that substance. Boiling the sample to rid it of this gas is 
unwarranted for the proteids are thereby coagulated. The 
indicators chosen should possess the greatest sensibility, should 
show a definite color change, and should change at the point 
nearest the hydrogen ion concentration of water, viz. H'!°-’. 
Phenolphthalein possesses these requirements changing between 
H'*-8 and H'°-®; to it saliva reacts acid with the exception of a 
few instances to be mentioned later. Para-nitro-phenol changing 
between H'°-* and H'!°-? was chosen as the second indicator and, 
although the color change is not so satisfactory as that of phenol- 
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phthalein, still, when the ammonium salt is formed in titration, 
the yellow color shows very definitely against the turbid saliva. 
Methyl red was used at first but was discarded later in preference 
to para-nitro-phenol. Methyl orange was not used on account 


of the indefinite color change in solutions weaker than 3;. Both 


Sutton (11) and Treadwell-Hall (22) question the accuracy of 
methyl orange in weak solutions. 

The following solutions were prepared: HCI] NaOH 
NH,OH 3. These were carefully standardized and the stand- 
ardization confirmed every two weeks. From these tenth normal 
solutions two hundredth normal were made by diluting 50 ce. 
of * to 1 litre. This strength of solution was used through- 
out the work. These also were standardized every two weeks 
against the 3 solutions. 

All reports are based on 10 ee. of saliva as samples and titra- 
tion figures indicate the number of cubic centimeters of =} 5 HC] 
and si¢ NaOH. Temperature conversion factors were com- 
puted for every 4°C. but as the temperature variation was 
within 10°C. during the entire experiment it was found un- 
necessary to correct for this variation in the use of »}o solutions. 

The normal resting saliva is a relative term. We have no 
means of knowing what is normal or what is resting. Con- 
ditions in the mouth vary not only from day to day but probably 
from hour to hour. Whether this is due to local conditions in 
the mouth entirely is an open question. The psychic influences 
are constantly changing and how much this affects the secretion 
of the saliva we may judge from the classical experiments per- 
formed by Pavlov (9) and others. Pavlov has shown that even 
the rattling of a cart in the street below will excite the salivary 
secretion of a dog. Heidenhain also has shown that by the 
use of weak induction shocks to the chorda tympani nerve he could 
‘ause the submaxillary glands to secrete a thin copious saliva. 
By stimulation of the sympathetic the flow was changed and 
became thick and turbid. These experiments explain to a cer- 
tain extent the difficulties encountered in obtaining a ‘normal 
resting saliva,’’ and the consequent variation in analyses of saliva 
from the same individual. The determination of a constant 
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normal resting saliva involves, at present too many x’s in the 
equation and has not been made, so far as the writer is aware. 

The samples of saliva for this research work were obtained 
largely through the kindness of the authorities of various hospi- 
tals, asylums and penal institutions. Certain inmates gladly co- 
operated, after explanations, in furthering the work of the writer. 
In all 104 cases were examined, but voluntary coéperation was 
obtained in only 96 cases. 

Following the suggestion of Dr. Gies (4) the same type of bot- 
tle was used in the collection of every sample—a 2 oz. glass stop- 


pered ‘‘salt mouthed”’ bottle. The subject, (or more correctly, 


the person), was requested to expectorate in the bottle without 
making a conscious effort to produce the saliva. The bottle 
was kept tightly closed during the intervals which elapsed be- 
tween the actual acts of expectorating. Before the sample 
was collected the condition of the mouth was noted, also any 
habits in regard to tobacco, aleohol or diet. Also the follow- 
ing points were observed: 

1. The samples to be comparative throughout were obtained 
by natural methods or by.the ordinary methods of stimulation; 
or, if in the resting stage, under known, or at least as constant 
conditions, as possible. 

2. The patient should be as nearly normal as possible in sali- 
vary activity. 

The data obtained from the several hospitals were compiled 
only from those convalescent patients who were not taking any 
medication (except as noted). The data from the prison inmates 
were compiled from individuals who were in good health and 
who were doing the regular prison routine work. The data from 
the inmates of the insane asylums were taken from those who were 
not entirely mentally deficient for the obvious reason that it 
was only that class which could be made to understand what was 
wanted. The diets which were carefully studied and compared 
throw little light upon the results from the standpoint of Picker- 
ill’s work, for, in one instance, where the carbohydrate content 
is in excess one would almost expect, judging from the results 
of Pickerill (3), to find a higher acidity than is reported. 
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For Alkalinity. Ten grams of the well mixed sample are placed 
in a casserole diluted with 20 ec. of distilled water at 20°C. and free 
from COs. About eight drops of an aqueous solution of para- 
nitro-phenol are added and ,¥, HCl run in, in slight excess. The 
mucin is thereby precipitated and the determination of the end 
point made easier in the clarified solution. Next ,\, NH,OH is 
added until the first faint trace of a vellow color is discernible. 
The difference between the amount of acid added in the first 
instance and the amount of alkali added in the second, equals 
the alkalinity in terms of cubic centimeters of 5}, HCland is thus 
reported. 

For Acidity. A second 10-gram sample is diluted as above 
and about four drops of phenolphtbalein are added. Then 
sy» NaOH is run in until the first permanent pink color appears. 
The cubic centimeters of alkali added equals the acidity of the 
sample in terms of cubic centimeters of .%, NaOH and are thus 
reported. 

The double titration in the determination of alkalinity while 


not absolutely necessary, is advisable as it makes for accuracy 


For instance the HCl may be added to a point of decoloration 
of the indicator but this exact point is obscured in many instances 
by the color of the sample itself. With the precipitation of the 
mucin, by the addition of the excess of acid, this difficulty is 
overcome. 

Since phenolphthalein does not react satisfactorily with 
ammonia it was necessary to employ NaOH in the determination 
of acidity, while the NaOH used in conjunction with the para 
nitro-phenol was not so satisfactory as NH,OH for the reason 
that the latter’gives a more definite end point with this indicator 

In the analyses of samples from those institutions outside of 
San Francisco the apparatus and solutions were taken and 
analyses made at the respective places at the time of taking the 
sample. This insured a direct comparison of all analyses pre- 
sented, since only one of the samples was allowed to stand for 


longer than an hour before titrating. 
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The following were the results obtained (tables 1-8). In 
the tables the word “immunity” is used in the sense of freedom 
from caries. Those cases which on careful examination showed 
no fillings and no areas of decay have been referred to as ‘‘ab- 
solute immunity.’’ Those cases which showed fillings but not 
areas of decay are referred to as “‘present immunity.”’ The 

TABLE I 
Present immunity, with care 


ct o NUMBER OF ce 


NUMBER OF PATIENT HCI N NaOH PATIENT NaOH 


00 4.50 < : 4.82 

50 4.30 5.02 

40 4.90 5.30 
5.86 8. 3.40 
6.34 

06 5.72 

70 5.42 

20 6.42 


12.60 
14.60 36 21. 4.41 
13.10 8.00 
10.50 22 
12.34 4.02 
9.46 30 
9.34 9.86 
12-10 37 3. 97 
8.20 78 
10 

00 

30 

2.70 


53 


term ‘‘with care,’’ denotes that there is evidence of the patient 
using the toothbrush, i.e., ‘‘caries with care,’’ denotes that a 
‘arious condition exists at the time of taking the sample, and that 
the patient cleanses the mouth and endeavors to keep the teeth 
as free from food débris as possible. 

In table 1 is presented the results of the titration of ‘normal 
resting saliva’’ collected from the mouths of those patients who 
habitually take good care of their teeth and who at present show 


l 2: 

1: 

2( 

1 

13.70 

14.06 

11.02 

7.36 

9.40 

10.72 

8.32 

12.90 
3 17.70 

19.50 

17.50 

12.50 5.00 103 7.80 7. 
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no signs of caries. In the case of the first three patients the tests 
extended over a period of days. The samples were taken at the 
same time each day and titrated at once. The wide variation 
shown not only between the several patients but also daily by the 
same patient argues against the theory that acidity of the resting 
saliva, (that is of the saliva which is contaminated with the 
microorganisms of the mouth and food débris,) is an influencing 
factor in the causation or progress of dental caries, and also against 
the view that the alkalinity of resting saliva acts as a protecting 


rABLE Il 


SUMBER OF PATIEN 


agent against caries. It will be shown later, however, that the 
activated saliva produced under definite stimulation, 7s an influen- 
cing factor in the production and maintenance of immunity. 


For instance: 


In patient No. 2 Table 1 the variation i: . HCI; 6.40 
In patient No. 3 Table 1 the variation i: ‘ce. HCI; 1.20 
In patient No. Table 2 the variation ‘ce. HCL; 9.80 
In patient No. 8 Table 2 the variation *. HCl; 7.06 
In patient No. 4 Table 3 the variation is ec. HC]; 3.57 
In patient No. 6 Table 4 the variation HC]; 1.30 
In patient No. 20 Table 4 the variation is 16 +. HCI; 8.02 


Prese mmunity hout ‘ 
5 24 60 5.60 50 7.14 1.8 
24.70 7.20 51 11.32 5.54 
22 90 9 S80 53 1.82 1? Ov 
19.30 14.40 54 12.52 SO 
5S 21.10 ilime 
trace 
10.30 9 296 11 S86 6 00 
14.08 11.86 64 11.40 S07 
14.20 £50 72 29.10 44 
23.22 7.60 29 50 6.28 
29.10 3.44 
32 906 7.20 73 Q 7d 15.60 
13 15.14 + SO 79 16.50 2.13 
13.38 5.10 21.55 7.00 
18 17.26 2 96 SO 6.97 
19 2 66 7.62 Q7 25.60 $ 45 
ec. NaOH 
ec. NaOH 
ce. NaOu 
ee. NaOH 
ec, NaOH 
ee. NaOH 
NaOH 
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TABLE III 


Carious, u ith care 


NUMBER OF 
N NaOH PATIENT 


NUMBER OF 
PATIENT 


18.40 21 
19.50 37 
17.30 15 
19.70 60 
11.44 71 
11.22 ) SO 
13.00 SI 
20 80 101 
14.60 102 


14.00 104 


ABLE IV 


without care 


NUMBER 


Hi 


16.60 
13.30 
11.00 
1.70 
3.30 
80 
20 
38 
00 


268 
15.36 2.74 
13.88 5.06 
7.20 7.42 
12.40 4.60 
. 2.95 1.70 
17.75 7.70 
28 80 5.82 
14.20 7.67 
16 15.70 7.40 
17.30 17.40 

PATIENT N ‘NaOH PATIENT N HCl N NaOH 
6 7.10 39 7.20 9 22 
8.40 12 12.30 9.90 
7.50 47 8.16 3.10 
8) 9.70 52 16.32 1.00 
12.00 56 16.64 2 64 
10 29.30 57 15.46 1.76 
93.30 62 7.90 12.70 
15 3.12 69 11.50 4.53 
2.90 76 18.50 7.00 
16.50 2.20 77 17.45 15.00 
17 9.40 8.10 82 8.95 18.33 
18 2 80 22.10 84 28 .90 3.70 
11.70 15.00 85 17.40 22.00 
20 4.70 13.20 86 28 .90 27 .00 
12.90 5.18 87 24.20 2.76 
19.20 7.20 SS 16.65 7.90 
20.90 ° 5.00 90 19.95 10.00 
16.60 5.43 9] 21.80 9.40 
292 8.15 6.20 93 24.00 11.70 
23 6.90 8.94 94 24.45 11.10 
26 12.52 3.16 95 29.35 5.00 
33 10.60 5.00 98 14.00 9.70 
34 10.60 3.80 99 36.60 22.94 
35 14.40 10.08 100 25.35 18.30 

38 12.60 3.42 
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From the above it is readily seen that no ‘‘normal’’ resting 
saliva exists for a variation of 16.20 ec., is rather too great to 


admit of establishing a factor which will definitely represent the 


“normal” condition of the saliva. 

On further comparison also of tables 1 and 2, one observes 
that the looked for difference in clean or unclean mouths does not 
exist. That is, the acidities in resting saliva are relatively no 
higher in the one case than in the other. In table 2, patient 5s, 
a notation in reference to the reaction to phenolphthalein is 
made. This man although an inmate of the institution for 
nearly four years is still unclassified. His physical condition is 
good and he is accorded the freedom of those who work outside. 
The writer can advance no theory for this exception in reaction. 


rABLE \ 


In noting the differences in acidity and alkalinity in tables 
1, 2, 3 and 4, we fail to find any constant factor on which to 
base the assumption that the resting saliva in an unclean mouth 
has a higher acid or alkali content than the saliva from a clean 
mouth. In fact the condition of the saliva as resting, Is too 
variable to establish a relationship between the acidity and 
alkalinity of a clean or unclean mouth, and the acidity and alka- 
linity of a carious or an immune mouth. 

In tables 5 and 6 the number of cases presented is too small 
to attempt even an inference as to the relationship or lack of it 
that exists between pyorrhea and the reaction of saliva. 

Tables 7 and 8 likewise show a lack of relationship. The 
high acidity as noted in table 7, patient 66, is noteworthy. In this 
particular case the form of the teeth invited decay. The em- 
brasures between were not particularly well marked and the 


Py hea th 
NUMBER O} 
ATIEN a N NaOH 
24 7.16 1.18 
6.00 S10 
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TABLE VI 
Pyorrhea, without care 


ce 


NUMBER OF : NUMBER OF ( 
PATIENT l N NaOH PATIENT 1 N NaOH 


6.40 S3 21.55 00 
1.80 S4 28.§ 3.70 
12.70 85 22 00 
18.33 86 28 .§ 27.00 
15.60 S7 24.5 2.76 
3.44 90 9.9: 10.00 
6.48 9] a 9.40 


proximal contacts rather broad. The teeth were not of the bell 


crowned type but rather straight and flat. 

All of the foregoing tables and above remarks have been in 
more or less opposition to the views held by the majority of the 
dental profession and may be said to be negative in character. 

The following tables are, however, constructive in character, 
rather than destructive, and point to a physiological condi- 
tion constantly present but which requires further study and 
experimentation. 

It occurred to the writer that it might be interesting to note 
the stimulation reaction of saliva (using the same stimulus) 
in the mouths of those who have carious teeth and those who are 
not susceptible to caries. Chittenden and Richards (13) noted 
in 1898 ‘‘That mechanical stimulation, as chewing a tasteless 
substance, and alcohol, ether, gin, whisky taken into the mouth 
all lead to the outpouring of a saliva richer in alkaline reacting 
salts and amylolytic power, than the secretion coming without 
stimulation. ”’ 


rABLE VII rABLE VIII 


Absolute immunity, with care Absolute immunity, without care 


NUMBER OF 


PATIENT N NaOH 


29 3.48 
30 < 
66 17.10 


270 
31 9.84 
13 15.14 
62 7.90 : 
$2 8.95 
73 . 9.75 
29.10 
22 .50 
PATIENT N HCl N NaOH 
25 10.38 7.20 
28 15.40 
14 17.00 2.80 
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It was along this line that the writer started the second series 
of experiments. The samples for these experiments were ob- 
tained as follows. A ‘“‘normal resting saliva’ was collected in 
the usual way. Then a small piece of white paraffine was given 
the individual with the instruction not to chew until the wax 
had become softened. When soft the chewing was commenced 
and continued until about 20 ec. of sample had been obtained. 


The time necessary for this was usually from fifteen to twenty 


minutes. The results are noted in tables 9 to 13° inclusive. 
In table 9 one notes in comparing the figures in column 38 with 
those in column 6 an astonishing drop in acidity, viz., from 17.10 
ec. to 0.80 ee. and in comparing columns 2 and 5 a rise in alkalin- 
itv from 14.60 ec. to 43.02 ce. This interesting relation between 


rABLE IX 


the drop of the acidity on the one hand and the rise of alkalinity 
on the other can best be shown in the following way. 

In considering the reaction of the blood and some of the other 
tissue fluids Henderson (19), Robertson (20), and others, have 
shown that in measuring the power of the blood to maintain 
neutrality, this power may be estimated by adding the acid and 
alkali titrations; thus measuring the amount of reagent necessary 
to change the reaction of the blood from a definiteralkalinity to 
a definite acidity. 

In discussing this subject with Dr. Robertson he expressed 
the matter in the following words: 


In seeking for a method of measuring the power of saliva to main- 
tain itself neutral it is necessary to bear in mind the faet that no fluid 
can remain utterly unchanged in reaction as a result of adding acids 


or alkalies to it. Some change will ensue as a result of these additions 


PATIE®S N tr 
Ob 14.60 17.10 31.70 3.02 SO 
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and that fluid possesses the greatest power of maintaining itself neutral 
or nearly neutral in which a given addition of acid or alkali produces 
the least change, or, conversely, in which a given change in acidity is 
brought about by the addition of the largest amount of reagent. We 
may measure the power of saliva to maintain its neutrality, therefore, 
in either of two ways—-we may measure the amount of change pro- 
duced by adding a given proportion of acid or alkali to the saliva— 
(the smaller the amount of change the greater the power of the saliva 
to maintain itself neutral) or, which is more convenient, we may measure 
the quantity of reagent required to change the saliva from one definite 
reaction to another definite reaction. The greater this quantity, the 
greater the power of the saliva to maintain itself neutral. 

The reaction of normal resting saliva corresponds to no definite 
acidity or alkalinity—it varies not only from individual to individual 
but doubtless from moment to moment in the same individual, since 
the saliva is momentarily exposed to countless variable influences 
which must and do affect its precise reaction. 

In order, therefore to measure the quantity of acid (or alkali) re- 


quired to change the saliva from one given reaction to another given 
reaction we must first reduce all the samples of saliva to one definite 
condition (reaction) and, starting from this definite reaction estimate 
how much acid (or, reversely, alkali) must be added to this saliva to 
change it to another definite condition (reaction). 


Let ““A B” be any quantity, for instance a distance or a volume 
(e.g., cubie centimeters of standard acid solution) which we desire to 
measure. If it be convenient, it is obvious that we can just as well 
measure “A B” by adding the distance ‘‘A C”’ to the distance “C B” 
as by measuring “A B”’ in one operation. 

Applying this principle to the measurement of the power of saliva 
to maintain itself neutral, the position of ‘‘C”’ will represent the variable, 
fluctuating reaction of normal resting saliva. ‘“‘A” will be a definite 
reaction on the acid side of neutrality (i.e., neutrality to para-nitro- 
phenol) and ‘‘B”’ a definite reaction on the alkaline side of neutrality 
(i.e., neutrality to phenolphthalein). The distance ‘A B” is the num- 
ber of cubic centimeters of acid required to change the saliva from 
reaction “B” to reaction “A” or, reversely, the number of cubie cen- 
timeters of alkali required to change the saliva from reaction “A” to 
reaction 


a 
A B 
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This distance is the sum of the distances “A C”’ and “C B,”’ this is, 
of the number of cubic centimeters of acid required to bring the given 
sample of saliva to neutrality to para-nitro-phenol and the number of 
cubic centimeters of alkali which is required to bring the sample to 
neutrality to phenolphthalein. In other words by adding together the re- 
sults of the above titrations with acid and alkali we obtain a true measure 
of the power of the given samples of saliva to maintain their neutrality. 
Neither of the titration values taken apart, affords such a measure, for, 
as explained above, the reaction of resting saliva (position of C in the 
above diagram) varies from moment to moment in consequence of events 


which we cannot estimate or define, hence the separate titres (distances 


rABLE X 


Paraffine stimulus Present immunity, 


UMBER OF 
PATIENT 


39 92 
19 PO 
39.10 
3608S 
51.95 
15.00 


47 .25 


A C or C B) varying from moment to moment in saliva of every indi- 
vidual but their SUM, SF. el re mains, it is probable, relatively constant 


and characte ristic. 


The samples for the following tables are from two classes of 
individuals. First, those persons who were regularly engaged 
in their daily routine as students, members of the office force, 


ete. Second, those persons, convalescent in the surgical wards 
of the different hospitals, who were taking no medication (except 


as noted) and who were on full diet. 
Referring again to table 9 it is observed in this case of absolute 


immunity that the ratio, expressed in percentage, between the 


h care 
NORMA ESTING SALIVA ACTIVATED SA ‘ 
l 20.20 6.42 26.62 .82 2.10 bb OO 
12.90 21.10 17 1.70 13.00 
3 14.70 3.40 IS.10 37 .40 1.70 16 00 
67 13.70 1.97 18.67 534.95 1.13 91.70 
70 17.90 7.78 25.68 19 45 2 50 19 40 
70 14.45 5.10 19.55 13 S80 1.20 1 60 
74 19.80 S00 27 SO 5.35 1.90 
75 60 1 30 30.90 50.36 1.93 52.29 99 10 
94 95 > 70 26.95 3280 1.40 34.20 79.90 
103 7.80 1 .be 15.33 14.65 3.90 18.55 S2 bo 
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neutralizing power of normal resting saliva and that of the 
activated saliva which the writer terms the ‘‘salivary factor,” 
is 72.3. 

Table 10 which is composed of cases of present immunity 
with care shows a relationship similar to the preceding table. 
The ‘‘salivary factor’? with one exception is below 80, fluctu- 
ating between 43 and 75.9. Concerning the exception, patient 
Number 103, the writer will not attempt to theorize. The 
clinical record shows, however, an acid urine. 

In table 11 the variation is nearly the same as in the two 
preceding tables and all percentages fall below 80. In patient 


TABLE XI 


Paraffine stimulus. Present immunity, without care 


NORMAL RESTING SALIVA ACTIVATED SALIVA 


NUMBER OF 
Neutral- C. ce. Neutral- 


0.90 
6.00 
6.00 

20 
2.70 

97 

10 

00 

70 56 


1.40 39.10 


64 


) 
» 


> © W bo 


79 the activated saliva was alkaline to phenolphthalein 0.40 ce. 
»\, HCl. This was one of the very few exceptions to the general 
rule that saliva reacts acid to that indicator. Duplicate determi- 
nations were made on successive days the alkaline titration 
figure being 0.30 cc. 5%, HCl in one instance, and 0.70 ec. 535 
HC] in another. The salivary factor is constant within certain 
limits for the same individual when the same conditions obtain 
at the time each sample is taken. For instance, patient 72, 
varied on successive days between 70.1 and 72.9 per cent. 
Turning now to table 12, ‘‘ecarious with care,’’ a marked 
difference in the salivary factor is at once apparent; for in all 
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22.22 7.60 29 . 82 57.55 15 51.00 
| 11.40 8.67 20 .07 30.90 90 53.85 
64 10.60 9 86 20.46 20.00 00 78.70 
29.10 3.44 32.54 43.22 $2 70.10 
22.50 6.28 28.78 36.80 50 72.90 
9.75 15.60 25.35 25.90 S7 79.50 
16.50 2.13 18.63 35.14 14 53.00 
91.55 7.00 98 55 39.20 20 66.10 
28 80 6.97 35.74 56.20 90 62.90 
97 25.60 t.45 30.05 37.70 76.90 
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these cases it is above SO, fluctuating between 84 and 119.3. In 
this, and the following table, all degrees of carious conditions 
are presented. 

Table 13, “carious without care,’ shows two exceptions. In 
the first case, Number 20, the patient was suffering from acute 
nephritis, hip arthritis, tuberculosis, and syphilis. These 
facts may, or may not, explain the low factor. In the second 


ease, Number 94, the patient was taking sodium phosphate. 


Patient 93 is an example of an abnormally high salivary factor. 
The individual was suffering from peripheral neuritis and the 
disordered reflexes as evidenced in other ways might account 


rABLE XII 


affine stimulus Ca 


NUMBER 
PATIENT 


for the high factor. In another case, patient 77, two sets of 
analyses are shown. The first set are from samples taken be- 
tween 9.30 and 10.30 a.m. and the second from samples taken 
at 6 a.m. immediately on waking. The latter sample was not 
titrated until three hours after it had been collected and through 
error had been kept in a warm room in the interim. The writer 
suggests that these conditions might account for the difference 
in the two salivary factors for the same individual. 
The following cases were all suffering from rampant caries: 


Table 12, Patient 104. 
Table 13, Patient 86. 
Table 13, Patient 90. 
Table 13, Patient 100. 


& 
Poy, th care 
MAI ESTING SALIVA ATED SA \ 
20 S80 24.03 40 OO 40 S46 
SO 17.75 7.70 25.45 24.40 2.52 26 .92 
81 28.80 5.82 34.62 32.74 3.23 34.96 990 
101 14.20 7.67 21.87 15.05 5.50 55 106.4 
102 15.70 7.40 23.10 19.45 1.00 23.45 98 5 
104 17.30 17.40 24.70 25.80 3.30 2% 10 119 3 
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It is interesting to note that in all these examples the salivary 
factor is abnormally high, being 119.3, 121.8, 132.8, 122.9, 
respectively. The number of cases, however, is so small that it 
would be presumptuous to infer that rampant caries is always 
associated with an exceptionally high salivary factor. It would 
appear, however, legitimate to conclude that in those persons 
susceptible to caries the ratio of the neutralizing power of the 


TABLE XIII 


Paraffine stimulus. Carious without care 


NORMAL RESTING SALIVA ACTIVATED SALIVA 


NUMBER OF 
PATIENT ce ce Neutral- Neutral- 


60 20 power 200 power 
20.90 5.00 25.90 39.§ 3.00 42.80 
18.50 7.00 25.50 2.13 24.93 
17.45 15.00 32.45 26 98 31.: 


90 3.70 32.60 30.5 50 31 

40 22.00 39.40 31.9: 63 

90 27.00 55.90 5 ».40 

20 2.76 26 26.7: 2.00 ; : 93 

95 10.00 2¢ 2.47 132 

80 9.40 30.: 3.70 9] 

00 11.70 3: 9.: 5.73 25 . 2: 160 

15 11.10 35.5: 9.40 50 70.5 

35 5.00 34.3: 30.75 00 34.7: 98 .§ 
9.70 2% 2.00 24 95.< 
22 .94 59. 5 4 2.60 58 102 
18.30 3.8 32.5! 2.97 35.52 122.{ 


5 

24.75 22.00 32.9: ».00 38 . 9: 
3 
» 


95 8.33 27.28 24.3: 4.30 28 


normal resting saliva compared to that of the activated saliva 
differs from the ratio observed in those immune from caries. 

Assume for example that the neutralizing power of the normal 
resting saliva is represented by 25 ec. and that of the activated 
saliva by 25 ec.; the ratio between the two is $3 or unity or 100 
per cent. Further, if the neutralizing power of the normal 
resting saliva is 20 and that of the activated saliva is 15 the 
ratio is 7% or 133 per cent. In this latter case the normal resting 
saliva is the more potent of the two secretions in maintaining 
the neutrality of the oral cavity. 


lactor 
20 60.5 
76 102.0 
77 103.4 
77 (6 a.m ; 120.0 
82 ) 95.0 
S4 ) 
S5 
28 
S7 24 
19 
91 21 
93 24 j 
O4 24 
95 29 
OS 14 
99 36 
100 25 
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These two examples illustrate the ratio obtained in carious 
conditions. Consider now, the immune ratio. Assume that 
15 ee. equals the neutralizing power of the normal resting saliva 
and that 25 ec. equals that of the activated saliva, then 4; equals 
60 per cent. In other words the power of the normal resting 
saliva is only 60 per cent of the power of the activated saliva and 
a reserve neutralizing power may be secreted under the necessary 
stimulus. In the carious condition, however, there is no reserve 
power or, at least, where the factor is between 84 and 100, it is 
too small to be of much effect; in fact in those cases where the 
factor is above 100 per cent the neutralizing power of the acti- 
vated saliva is less than that of the normal resting saliva. If 
it can be determined what physiological process is concerned in 
the production of an activated saliva, containing, constantly, 
a greater neutralizing power than the normal resting saliva, 
the writer ventures to suggest that a definite step will be made 
in the elucidation of the etiology of dental caries. 

Henderson (19), in considering the equilibrium between 
acids and bases in the animal organism says that ‘* This acid-base 
equilibrium may stand in direct relation to bone formation, 


rickets and osteomalacia.’”” What the relationship may be 


between this equilibrium in the saliva and dental caries is indi- 
cated in the above tables. 


SUMMARY 


1. That the reaction of normal resting saliva is too vari- 
able to be a positive factor in indicating any of the following 
conditions: 

a) Absolute immunity either with or without care. 

(b) Present immunity either with or without care. 

(c) Caries either with or without éare. 

2. That a method analogous to that employed by Henderson 
(19) in measuring the power of the blood to maintain neutrality 
is applicable to the determination of the same power shown by 
the activated saliva. 

3. By means of this method a “salivary factor’ may be evalu- 
ated, namely, the ratio of the neutralizing powers of the ‘“‘ normal 
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resting’? and “‘activated”’ salivas respectively, the magnitude 
of which appears to be indicative of immunity from caries or 


the reverse. 

4. In persons who are either absolutely immune or for the 
present immune from caries the magnitude of this factor (ex- 
pressed in percentage) varies between 43 and 80, while in per- 
sons whose teeth are carious this factor varies between 80 and 
132. 

The writer avails himself of this opportunity to express his 
appreciation and to acknowledge his indebtedness to those 
members of the faculty and heads of institutions who have shown 
such a whole hearted interest in the work presented and who 
have made it possible for him to carry out these experiments. 
Without their coéperation it would have been exceedingly 
difficult to obtain patients and to work out the several lines of 
thought suggested. 
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In 1889 von Mering and Minkowski discovered that com- 
plete extirpation of the pancreas produces fatal diabetes.' The 
attempt of Pfliiger to show that this diabetes following removal 
of the pancreas is due, not to the absence of the pancreas, but to 
injury to the duodenum and the nerves connecting the pancreas 
with the rest of the viscera, must be considered a failure.2. The 
original conclusion of yon Mering and Minkowski is definitely 
established: the loss of the pancreas results in fatal diabetes. 
But the subsequent endeavor to determine how absence of the 


pancreas causes diabetes is practically a record of repeated fail- 
ures. The leading idea in all this work has been the internal 
secretion theory, or that the pancreas yields some substance to 


the blood in some way necessary for the oxidation of the sugar 
by: the tissue cells. But in the absence of conclusive demon- 
stration of the internal secretion the possibility that the work 
of the pancreas in maintaining normal sugar metabolism con- 
sists of detoxication processes must always be kept in view. 
The fact that even temporary glycosuria is not induced in nor- 
mal animals by diabetic blood does not render the detoxication 
hypothesis untenable. 

Some light has been thrown on the nature of pancreatic dia- 
betes by results and experimental methods that may be inter- 

V. Mering and Minkowski: Arch. f. exp. Path. u. Pharm., 1889, xxvi, p. 371. 

> Pfliiger: Arch. f. d. ges. Physiologie, 1905, ¢. vi, p. 181; Minkoswki: Arch. f. 
exp. Path. u. Pharm., 1908, lix, p. 895. 
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preted either on the detoxication or the internal secretion theories. 
We refer to the methods of parabioses (Forschbach),’ cross- 
circulation and transplantation (Hedon),‘ and pancreatectomy 
in late pregnancy (Carlson).° It is obvious that conditions which 
establish direct or indirect relation of the blood of a diabetic 
animal to living pancreas tissue may cause a change in the course 
of the disease either by detoxication or by internal secretion. On 
the other hand, if it can be shown that the oxidation of sugar by 
the tissues is augmented by some substance from the pancreas, 
or that pancreatic diabetes is temporarily ameliorated by trans- 
fusion of normal blood, the internal secretion theory is established. 

The new method of attack introduced by Cohnheim® has not 
yielded consistent results, and in the light of the findings of 
Levene and Meyer the method itself is called in question, as it 
appears that in mixtures of sugar plus pancreas extract plus 
muscle extract, the sugar is polymerized, not oxidized.’ The 
method of studying the action of pancreas extracts on the sugar 
consumption of the entire diabetic animal or on isolated but 
living organs of the diabetic animal is more physiological than 
that of Cohnheim, but the results to date are practically nega- 
tive.’ This may be due to failure to obtain the specific secretion 
in the pancreas extract, as well as to the difficulty of finding a 
reliable index of sugar oxidation in an isolated organ. In respect 
to this latter point it is obvious that our methods so far have 
been too crude or violent. The diabetic animal does not burn 
sugar, to any appreciable extent, which means that the individual 
organs of the diabetic animal do not burn sugar; yet when we 
compare the sugar consumption of the isolated organ of the 


Forschbach: Arch. f. exp. Path. u. Pharm., 1908, Ix, p. 151] 
‘Hedon: Arch. intern. de. Phys., 1913, xiii, p. 4; p. 254 


Carlson: Am. Jour. of Physiol., 1911, xxviii, p 
xvii, p. 19. 
6 Cohnheim: Zeitschr. f. physiol. Ch., 1908, xxxix, p 
Levene and Meyer: Jour. of Biol. Ch., 1911, ix, p. 389 
’ Knowlton and Starling: Jour. of Physiol., 1912, xlv, p 
Smedley: ibid., p. 420; Macleod and Pearce: Am. Jour. of Physiol 
184; Patterson and Starling: Jour. of Physiol., 1918, xlvil, p 


Pearce: Am. Jour. of Physiol., 1914, xxxili, p. 37 
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normal and the diabetic animal, we have so far failed to find any 
difference! 

To our way of thinking the method least artificial and vio- 
lent as regards the hypothetical pancreas secretion and the least 
injurious to the test object, that is, the diabetic animal, is the 
transfusion of normal blood. Yet, note the contradictory and 
ambiguous results from this mode of attack! Lepine reports 
a temporary diminution in the output of sugar in the urine, but 
no diminution in the blood sugar.’ This would seem to point 
to some injurious action of the foreign blood on the kidneys. 
Hess injected intravenously 50-150 of blood from diabetic dogs 
into normal dogs (on the theory that diabetic blood might stimu- 
late the pancreas to a greater output of the internal secretion) 
and 9-14 hours later he injected the serum from this animal 
into diabetic dogs. The influence on the glycosuria of the dia- 
betic animal was slight or inconstant.!° In view of the results 
reported from this laboratory a few years ago by Drennan," 
it seems likely that in the experiments of Hess the pancreas 
secretion in the blood was destroyed by the delay in centrifuging 
the blood. Alexander and Ehrmann” injected blood from the 
pancreatic duodenal vein of normal dogs into diabetic dogs, 
but obtained no definite or constant decrease of the glycosuria. 
In some of the experiments secretin was added to the blood to 
be injected. The reason for this is not apparent. These investi- 
gators state that dogs with the pancreas completely extirpated 
but otherwise healthy and in good spirits sometimes void urine 
free from sugar, in the absence of all experimental interference. 
This has never been noted in this laboratory in the cases of more 
than 100 diabetic dogs, except in cases of incomplete pancreas 
extirpation. 

Drennan, working in this laboratory, injected 50-150 cc. of 
fresh defibrinated dogs’ blood into the veins of diabetic dogs and 
invariably obtained a temporary lowering of the urine sugar and 


’Lepine: Le diobéte sucré., 1909, p. 363. 

10 Hess: Miinch. Med. Woch., 1902, p. 1449. 

1 Drennan: Am. Jour. of Physiol., 1911, xxviii, p. 396. 

2 Alexander and Ehrmann: Zeitschr. f. exp. Path., 1908, p. 367. 
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the D:N ratio. Defibrinated sterile blood loses this action on 
standing for a few hours. The course of the blood sugar in the 
injected animals was not studied. Hedon has reported a very 
extensive series of blood transfusion in diabetic dogs. Direct 
transfusion of normal blood into a diabetie dog previously bled 
dry causes a temporary lowering of the blood sugar and decrease 
or complete suppression of the glycosuria, but since the same 
results were produced when blood from a diabetic dog was trans- 
fused into another diabetic dog Hedon concludes that the tem- 
porary diminution of the hyperglycemia and glycosuria follow- 
ing the transfusion were not due to any specific pancreas secre- 
tion in the blood but to a lowering of the blood sugar by dilution 
and to a toxie action of the foreign blood on the kidneys. The 
results of the cross transfusion experiments reported by Hedon 
do not concern us here, since these may be interpreted in various 
ways (detoxication by the pancreas, storage of glycogen in the 
normal animal, dilution of the diabetic blood, ete.). Hedon 
also transfused (cross transfusion as well as serum injections 
blood from the pancreatic vein of normal into diabetic dogs. A 
slight temporary lowering of the hyperglycemia with a greater 
reduction of the urine sugar was noted, but the latter is inter- 
preted as due an injurious action of the foreign blood on the 
kidneys. Hedon concludes that the internal secretion of the 
pancreas acts on and is absorbed by the liver, and is therefore 
not present in the blood of the systemic circulation. Hedon 
attempted to obtain evidence in support of this view by intro- 
ducing a living pancreas in the systemic and in the portal cireu- 
lation of diabetic dogs. With the living pancreas interposed 
in the portal circulation the hyperglycemia and glycosuria were 
diminished, but interposed in the general circulation the pan- 
creas had no effect. We do not think that these latter results 
of Hedon can be accepted, in view of what is known concerning 
the carbohydrate metabolism in dogs with Eck fistula. In the 
animal with the Eck fistula the internal secretion of the pancreas, 


if there is one, must pass into the general circulation, and only a 
small part of it can reach the liver by way of the hepatic artery, 


just as in Hedon’s diabetic dogs with the living pancreas from 
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another dog interposed in the general circulation; yet the Eck 
fistula dog does not develop diabetes. 

Murlin and Cramer" have recently reported one experiment 
with transfusion of normal blood into a diabetic dog, using the 
respiratory quotient as a measure of sugar oxidation. The 
average R.Q. for two one-hour periods before the transfusion was 
0.678; for four one-hour periods after the transfusion 0.700. No 
conclusion can be based on the results of a single experiment, 
but so far’as they go in this case, the transfusion raised the R.Q. 
Murlin and Cramer appear to have had in mind transfusion as 
‘‘a measure of practical importance”’ in clinical diabetes, and are 
therefore disappointed with the results. To our way of think- 
ing this one experiment was sufficiently encouraging to warrant 
ten or twenty additional ones, in the hope of settling the wexed 
question of internal pancreatic secretion, whether or not blood 
transfusion will be a measure of practical importance in clinical 
diabetes. 

Raulston and Woodyatt appear to be the first to make use of 
blood transfusion as a practical therapeutic measure in diabetes 
melitus in man.“ The patient was a man in the thirties, but the 
diabetes was of several years’ standing, with severe acidosis, and 
periods of threatening coma. The blood (500 ec.) was yielded 
by a two year older brother of the patient. The sera of the two 
persons showed no lytic action on the respective corpuscles. 
The blood transfusion augmented all the diabetic symptoms for several 
days. In that respect this single transfusion test in clinical 
diabetes differs from all transfusion experiments in experimental 
diabetes so far in the literature. No investigator reports a single 
instance of blood transfusion aggrevating the pancreatic diabetes 
in dogs. In judging the importance of the negative results of 
this single test on man it must be taken into consideration that 
the patient was in the last stage of diabetes, and died in coma 
not long after thé test. Furthermore, there is no evidence that 


this patient was primarily a case of pancreatic diabetes. 
The above résumé goes to show that blood transfusion in 


18 Murlin and Cramer: Jour. of Biol. Ch., 1913, xv, p. 380. 
‘4 Raulston and Woodyatt: Jour. Am. Med. Ass., 1914, Lxii, p. 996. 
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pancreatic diabetes has to date yielded positive (even if transi- 
tory), ambiguous or contradictory, and apparently negative 
results. This being the case, is there any justification for further 
attempts at analysis of the diabetes problem by the method of 
blood transfusion? We think there is and for the following 
reasons: 

1. The results of transfusion experiments where the diabetic 
animal was bled dry or nearly dry before being transfused with 
normal blood are of doubtful value, because of the temporary 
asphyxia of the kidneys and the tissues in general by the exces- 
sive bleeding. 

2. The results of prolonged cross transfusion or direct trans- 
fusion by means of direct connection of the blood vessels of 
donor and recipient are rendered practically valueless by use 
of anesthetics, or when anesthetics are not used, by the trauma- 
tism and struggling of donor and recipient. 

3. Hedon’s contention that the pancreatic internal secretion 
is found only in the portal circulation and that blood from the 
pancreas has no antidiabetic action unless introduced directly 
into the portal circulation is rendered untenable by the well known 
facts in the case of Eck fistula animals. It is probable that in 
Hedon’s experiments the pancreas was too greatly traumatized 
or asphyxiated to function. 

4. Negative results from injection of serum of normal animals 
into diabetic animals are of little or no significance, because the 
delay and manipulation of the blood to obtain the serum prob- 
ably permits destruction by oxidation of most of the pancreatic 
secretion. 

5. Extracts of the pancreas apparently injures the kidneys, 
but Hedon’s contention that transfusion of blood from one dog 
into another invariably injures the kidneys of the recipient in 


such a way that they become less permeable to sugar must be 
more firmly established, if it is to overthrow the positive re- 
sults of transfusion in the way of decreased hyperglycemia and 


glycosuria. 


18 De Meyer: Arch. interm. de Physiol., 1909, vili, p. 121; Vahlen: Zeitsch. { 
physiol. Ch., 1909, lix, p. 194. 
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6. Negative results of transfusion in advanced stages of abso- 
lute diabetes are probably of no significance as regards the 
question of an internal secretion of the pancreas, as in late dia- 
betes secondary tissue changes are present, which the pancreas 
secretion is probably unable to modify directly. 


EXPERIMENTAL PROCEDURE 


The transfusion. In all of our experiments we aimed at trans- 
fusing a quantity of blood equal to about one-tenth the volume of 
the blood of the recipient. This was done without previous bleed- 
ing of the recipient. The blood was drawn from the carotid of 
the donor into a sterile syringe carefully oiled and injected into 
the recipient through a large hypodermic needle inserted into 
the saphenous vein. By working moderately fast there is no 
danger from coagulation. By this method the recipient is not 
subjected to anesthetics, traumatism, pain, or struggling. By 
transfusing only about one-tenth of the recipient’s own blood vol- 
ume there is no disturbance of the circulation from an excess of 
blood, and previous bleeding is therefore not necessary. It seems 
reasonable to suppose that the less disturbances the recipient is 
subjected to the more certain one can be in ascribing changes 
in the diabetes to some specific action of the transfused blood 
itself. 

The determination of the blood sugar. The samples of blood 
for sugar determination were drawn from the saphenous vein 
by means of a hypodermic needle, or from the end of the tail. 
The quantity of blood drawn was determined by weighing. All 
the samples were approximately 5 ce. All our sugar determi- 
nations were made by the Rona-Michaelis’ method, or a combi- 
nation of this with the method of Bertrand. The tests were run 
in duplicates so far as this was possible. 

The urine sugar was determined by the method of Benedict. 
The dogs were not ecatheterized as this cannot be done repeatedly 
without producing cystitis. Our 24-hour samples of urine are 
therefore subject to the time variations in voluntary micturition. 

The care and feeding of the diabetic dogs. The pancreatec- 
tomized animals were fed on lean meat and water. 
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RESULTS 
The influence of transfusion of normal blood on the h ype rglyce nia 


The results of our 20 experiments on 12 diabetic dogs are given 
in Table I. In no ease did the transfusion increase the diabetic 
hyperglycemia. In three experiments (Dog I, expt. 3, and Dog 
II, expt. 1; Dog V, expt. 1). There appears to be no change in 
the blood sugar of the recipient. In all the remaining experi- 
ments there is a lowering of the hyperglycemia, but in two cases 
(Dog II, expts. 2 and 3) is too small to have any significance 
The decrease in the hyperglycemia is very temporary, probably 
not exceeding 6-10 hours. 

The experiments on Dogs VII-X demonstrate that this low 
ering of the hyperglycemia. is not a matter of dilution of the 
diabetic with the normal blood, as the dilution factor must be : 
its maximum within a few minutes after completion of 
transfusion. That dilution is not an important factor can by 
shown in other ways. For example, in a diabetic dog having 


750 ce. of blood with a sugar content of 0.25 per cent transfus 


ing 75 ee. of blood from a normal dog with the blood sugar 0.10 
per cent can by dilution alone reduce the hyperglycemia from 
0.25 per cent to 0.238 per cent. In this connection we may also 
note the results of three experiments in which we made intra 
venous injections of Ringer’s solution in amounts equal to one 
tenth of the total quantity of blood in the diabetic dog 


Experiment 1. Blood sugar before transfusion 0.34; blood sugar 3! 


hrs; after transfusion 0.30. 


Experiment 2. Blood sugar before transfusion 0.25; blood sugat 


hrs; after transfusion 0.25. 


Experiment 3. Blood sugar before transfusion 0.25; blood sugar 24 


hrs: after transfusion 0.26. 


Since the output of sugar in the urine in diabetes is propor- 
tional to the hyperglycemia, it is evident that the temporary 
reduction of the hyperglycemia of pancreatic diabetes by trans- 
fusion of normal blood is a factor in the parallel reduction of the 
glycosuria. 
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TABLE L 
The influence on the h y pe rglycemia of pancreatic diabetes in dogs of transfusion of 
hlood from normal dogs. The blood sugar of the donors varied from 0.07 per cent 
lo 0.10 per cent. The last column qives the vime after the transfusion when the 
ample ; of blood were drawn. 


3LOOD SUGAR 
TIME AFTER 


EXPERI I TRANSFUSION 


trans After 


23 hrs. 
hrs. 
23 brs. 
“2 hrs. 
hrs. 
min, 
hrs. 
hrs. 
hrs. 
hrs. 
hrs. 
hrs. 
hrs. 
min. 
hrs. 
min. 
hrs. 
min, 
hr. 


to 


J 


23 hrs. 
hrs. 


min. 


5 hrs. 

4 hrs. 
min. 
hr. 


“2 hrs. 
min. 


bo tt 


hrs. 
hrs. 
0.2% 24 hrs. 
0.26 5 min. 
0.: 2} hrs. 
0: min. 
23 hrs. 


* Sandmeyer type of diabetes owing to trace of pancreas left on duodenum. 


i In this experiment the donor was an old dog with adenomatous cancer of the 
thyroid. 


Before trans 
| 0.23 0.15 
I - 2 0.23 0.14 
3 0.17 0.17 
| 0.12 0.12 
iI 2 0.21 0.19 
3 0.33 0.30 
0.32 
0 62 0 1S 
2 0.30 0.26 
1 0.23 0.15 
1\ 2 0.20 0.17 
3 0.19 0.16 
\ 1} 0 17 0.17 
2 0.25 0.22 
0.20 
VI 1 0.26 0.16 
0.19 
1 0.25 0.20 
VI 
0 
l 0.29 0.: 5 iz 
Vill 0.21 
0.15 3 
l 0.29 0.25 5 
IX 
0.95 
l 0.25 0.1 
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The influence of the transfusion of normal blood on the glycosuria 


of pancreatic diabeles 


The results of our 16 experiments on 9 dogs are summarized 
in Table II. The data in this table seem to warrant the follow- 
ing conclusions: 

1. The glycosuria is in no case augmented by the transfusion. 


rABLE Il 


blood on 


560 
660 
176 
107 
630 
195 
160 
220 
130 
560 5.000 
150 3.200 
980 300 
653 ) 500 
377 5.440 


>. 400 


2. The transfusion diminishes the glycosuria, but in no case 
is the urine rendered sugar free. 


3. In every case when frequent samples of urine were obtained 


after the transfusion the lowering of the urine sugar lasted only 
4-10 hours after the transfusion, that is to say, the depression 
of the glycosuria runs parallel with the lowering of the hyper- 
glycemia. 

4. In most cases there is some depression of the polyuria parallel 


The influence of transfusion of pancrea hete 

n dog The 24 hou ime of urine only ap} mate thre ¢ f 
{HOURS VO ME O} RINE 
EXPE! 
MENT Day before Dayof Day before D 

l 640 17.34 

I 6SO 19.65 

380 7.50 

234 17 .SO 

173 16.85 

500 10.26 

2 150 10.10 

\ 3.95 

Vi | 250 10.6 

2 160 74 

VII 650 17.53 

2 185 10. 

l 625 28.90 

2 550 16.60 

IX l 540 6.68 

353 261 540 10.57 13.10 
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with the decreased sugar output, but the effect of the trans- 
fusion appears most strikingly in the percentage of the urine sugar. 

5. There is no evidence that the sugar retained by the dogs 
for the first 24-hour period following the transfusion is eliminated 
as excess sugar during the subsequent 24 hours. The reader 
may note that there is a slight indication of such a possibility in 
experiment 1, Dog VIII, but in some of the other experiments 
the relations are exactly reversed. These small fluctuations in 
either direction are therefore of no significance. 


The influence of transfusion of diabetic blood on the hyperglycemia 


of pancreatic diabetes 


The reader will recall that according to Hedon transfusion as 
such produces some temporary injury to the kidneys in conse- 
quence of which the output of sugar in the urine is temporarily 
diminished. Hedon reports the same results from transfusion 
of diabetic blood as from transfusion of normal blood. With 
our method of transfusion we have been unable to confirm Hedon 
on this point. Our ten experiments on six dogs are summarized 
in Table III. The transfusion (according to our method) of 
blood from a dog in complete pancreatic diabetes has no effect 
on the hyperglycemia of the latter. This fact indicates that the 


rABLE Ill 


Transfusion o; blood { om dogs in pan reali diahi tes into dog in pane ealie liahe [es 


The transfusion does not i flac nee the hy pe rglycemia of the reci pre nt 


BEFORE AFTER 


DOG TIME 
TRANSFUSION TRANSFUSION 


120 120 
210 210 
260 270 
280 280 
240 235 
237 267 
310 308 
270 255 
210 220 
300 290 


* Dog with incomplete diabetes (Sandmeyer type). 


0 3 

I] 0 2 
0 2 

0 2 

II] 0 9 
0 2 

0 9 
0 93 

V 0 

VI 0 3 
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lowering of the hyperglycemia of pancreatic diabetes by the 
transfusion of normal blood is not due to depression of the tissues 


in general and hence lowering of the sugar production 


> 
raANSTUSION OF normal blood 


Suga lole rance of the ree i] 


The suggestion of Hedon that blood transfusion as such in- 
jures the kidneys in such a way as to temporarily diminish sugat 
excretion is so important for the interpretation 
obtained by transfusion methods that it should be tested 
possible Ways before it 1s finally rejected, or accepted. 
following tests on a series of normal animals were accordingly 
earried out. Seventeen dogs were injected intravenously with 
15 gram dextrose (20 per cent solution per kilo body weight and 
the quantity of sugar exereted during the following 24-hour 
period determined. Another series of nineteen dogs were trans 
fused with normal blood by the same method employed in 
diabetie dogs before receiving corresponding quantities of 
trose intravenously. If this blood transfusion injures the kid 
neys in such a way as to temporarily decrease their capacity t 
excrete sugar we would expect less sugar in the urine of thes 
dogs, as a normal dog is capable of storing and burning larg: 
quantities ol sugar. Our results did not come out in that w 


averagde lolal of sugar in the urine was g 
It 


conirol group and 1.53 gram for the transfused q Oup. 
known that there is considerable individual variation 
sugar tolerance in dogs, whether tested by the hypodermic 
intramuscular, or the intravenous methods, and both of 
series showed these individual fluctuations. Wetherefore deemed 
it necessary to use the above great number of dogs in order to 
neutralize this source of error as far as possible. 

{ 


In normal dogs and with normal blood, our method of. tran 


fusion does not impair the power of the kidneys to excrete sugal 


during hyperglycemia. So far as the transfusion has any effeet 


at all it appears to increase the sugar exeretion. But the final 
establishment and explanation of this latter point requires fin 


ther investigation. 


( 

ay} 

The 
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The influence of blood transfusion on normal and diabetic dogs on 


the general secretory activily of the kidneys 


It seemed to us, that if blood transfusion as such injures the 
kidneys sufficiently to depress their power to excrete sugar, 
such injury ought to appear in the capacity of the kidneys to 
excrete some or all of the normal constituents of the urine. The 
work on this phase of the general question was done in our labora- 
tory by Mr. I. Rabens, and the detailed results will be reported 
later. In normal and in pancreatectomized dogs on standard 
rations of lean meat and fixed quantities of water, the total nitro- 
gen, urea, ammonia, amino acids, phosphorus, chlorides and 
(in the diabetic dogs) sugar were determined for 24-hour periods 
before and after transfusion with normal blood. In the normal 
dogs the transfusion had no effect on the kidney activity; in 
the diabetic dogs the transfusion diminished only one of the 
above constituents, namely the sugar. 

It would therefore seem that our method of blood transfusion 
has no demonstrable injurious action on the kidneys either in 
normal or in diabetic dogs. Hedon’s explanation of the effect of 
blood transfusion on the glycosuria and hyperglycemia of pan- 
creatic diabetes is therefore untenable, at least as regards our 
results. 


DISCUSSION OF THE RESULTS 


The transfusion of normal blood into dogs in pancreatic dia- 
betes causes a temporary lowering of the hyperglycemia. But 
before this can be taken as an evidence of the presence in normal 
blood of an internal secretion from the pancreas, it must be shown 
that this temporary lowering of the hyperglycemia is due to stor- 
age and oxidation of sugar in the tissues. Our work indicates 
that sugar retained as a result of the blood transfusion is not 
subsequently excreted. If this is the case what can happen to 
this sugar except oxidation in the tissues? In the first place, 
a temporary lowering of the rate of tissue metabolism might 
account for the temporary fall in blood sugar. Or, the metab- 
olism rate being the same, some of the sugar may disappear by 
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way of the digestive secretions’ and bacterial oxidation in the 
digestive tract. However improbable these possibilities may 
seem, they must be reckoned with in the absence of definite proof 
that this sugar is oxidized by the diabetic tissues. 


SUMMARY 


The transfusion of normal blood into dogs in complete 
pancreatic diabetes, by the method outlined above, causes a 
temporary (4-8 hours) lowering of the hyperglycemia and the 
glycosuria. 

Similar transfusions of diabetic blood into diabetic dogs have 
no effect on the hyperglycemia. 


There is no indication in our results that the sugar retained by 


the animal in consequence of this temporary lowering of the 
sugar excretion by the kidneys is subsequently eliminated by the 
kidneys as excess sugar. 

The blood transfusion as such does not impair the kidneys’ 
activity in any demonstrable way, either in diabetic or in normal 
dogs. The temporary lowering of the glycosuria of pancreatic 
diabetes by transfusion of normal blood is due to the diminished 
hyperglycemia, not to kidney injury. 


16 Carlson and Ryan: Am. Jour. of Physiol., 1908, xxi, p. 301. 
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Hedon' reports that transfusion of normal as well as diabetic 


blood into diabetic dogs leads to a temporary decrease in the 
glycosuria. According to Hedon the foreign blood received by 


the diabetic animal is in some way injurious to the kidney, and 
the lowered glycosuria following a transfusion is not due to 
introducing blood containing the internal secretion which would 
temporarily help the tissues to utilize the sugar in the blood, but 
to a decreased permeability of the kidney to sugars through the 
injurious action of the foreign blood, normal or diabetic. 

Carlson and Ginsburg? found a lowered glycemia accompany- 
ing the decreased glycosuria after transfusion of normal blood 
into diabetic dogs. The reduced sugar content of the urine 
could thus be accounted for by the reduced sugar content of the 
blood without any injurious action on the kidneys as claimed by 
Hedon. Moreover, they found no change in the glycemia or 
glycosuria following transfusions with diabetic blood. The fact 
that Hedon obtained a reduction in the glycosuria after trans- 
fusion with diabetic blood they believed to be due to his severe 
method of transfusion. They also tested the sugar tolerance 
of normal dogs before and after transfusion with normal blood, 
and found no increased tolerance after transfusion as would be 
expected if the foreign blood produced a decreased permeability 
of the kidneys to sugar. 

\t the suggestion of Dr. Carlson the following work was under- 
taken as an additional test of the possible injurious action of 


1 Hedon, Arch. internat. de physiol., 1913, xiii, p. 4, 
2 Carlson and Ginsburg, This Journal, 1915, xxxvi 


2094 


p. 255 
p 
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transfusion on the kidneys in normal and in diabetic dogs. It 
would seem that if blood transfusion had any direct effect on 
the kidneys this should be disclosed by a quantitative determi 
nation of the principal urinary constituents eliminated for 24 
hour periods by both the normal and diabetic animal before 
and after blood transfusion. 

This was the primary object of the work. Indirectly the re 
sults of these tests may also throw light on the effects on the 
kidneys of blood transfusion in man. ‘Transfusion is coming 
into greater vogue clinically, especially in the spontaneous 
infantile hemorrhages, in anemias, in shock, where at lea 
temporary rise of blood pressure ts looked for, and in septicemias, 


where an increased supply of antibodies is desired. 
EXPERIMENTAL PROCEDURE 


The dogs were kept in ordinary metabolism 
daily on a definite quantity of boiled fresh beef-he: 
fat as completely as possible. They were also given a definite 
quantity of water, once daily, and generally by a stomach tube. 

The transfusions were made for me by Dr. Carlson 
Ginsburg according to the method employed by them 
previous work. <A fairly large young dog was selected to serve 
as donor. This was done to provide against the possibility of a 
spontaneous nephritis often observed inh old dogs in this region. 
The amount of blood injected was caleulated to approximate 
roughly one-seventh to one-tenth of the entire blood content of 
the recipient. 

The quantitative determinations were made of the following 
urinary constituents. The determinations were made in dupli- 
cate to guard against any possible error in technique 


1. Total niirogen by the Kjeldahl method as modified by 


(Gunning and Arnold. 


2. Total urea by the Marshal urease method (modif 
F.C. Koch 

3. NH by the Folin aeration method (modified by 
Koch). 


Personal comu 


= 
il i! | 
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4. Amino acids estimation by the Formol Titration. 
). Total phosphorus by the Neumann-Pemberton Method. 
Total chlorides by the modified Volhard Method. 

7. Reducing sugars by the Munson-Walker and Bertrand 
method. 

8. Total acidity and specific gravity. 

In the diabetic dogs the urine sugar was determined on every 
sample of urine voided the first 24 hours following the trans- 
fusion. The estimation of the other constituents were made on 
the 24-hour sample. In the calculations both the total and 
percentage of each constituent were figured out, for the volume 
of urine varied somewhat from day to day. Eight dogs were 
used in this work, 10 transfusions being made on normal, and 5 
on diabetic animals. 


RESULTS 


Our results fail to bring out any evidence of injury or depression 
of the kidneys by Carlson’s method of transfusion, as will be 
seen by examination of the three typical sets of experiments 
summarized in Tables I to III. There are some variations in 
all the urine constituents from day to day, but with the exception 


TABLE I 
Normal dog No. II. Weight, 10 kgm.; receiving 300 grams boiled beef heart daily. 


Analysis of the urine for three days before (control) and three days following trans- 


fusion of 75 cc. of blood from another dog 


3 DAYS CONTROL PERIOD 3 DAYS TRANSFUSION PERIOD 
2 3 1 2 3 


Volume of urine, cc... , 300 325. 350. 400 290. 
Sh. sp. gr. ee 1026 1025. 1026. 1021 1030 
Acidity (in ce. of 

is NaOH per 100 ce.) 97 .5 68.0 61.2 81.0 54.50 
Total nitrogen, grams.. 000 7.560 7.190 8.800 8.230 
Amino acid nitrogen, 

grams 406 0.353 0.375 0.376 0.336 
Urea, grams 450 14.040 10.350 11.390 11.060 
Ammonia, grams 0.365 0.456 0.497 0.443 
Chlorides, grams 0.213 0.345 0.423 0.487 
Phosphorus, grams S00 0.610 0.610 0.720 0.680 


110 
461 
680 
507 
494 
740 
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rABLE Il 


Dog Vi Weight, 8 k qm Dog in comple fe pancreat 
for 24 hours before and for cwo days following t 


normal dog. Dog fed 200 grams boiled beef hea 


Volume of urine 350 
Specific gravity 1044 
Acidity ince. of 0.1 NaOH pe r lOOce sO 
Total nitrogen, grams S040 
Amino acid nitrogen, grams ' 0.5 
Urea, grams 7.240 
Ammonia, grams 0.530 
Chlorides, grams 0.015 
Phosphorus, grams 0.430 


Sugar, grams 19.180 


rABLE 


Dog V. Ws ight, 9.7 kqm Dog complete pancreati 
urine for 24 hours before and for two days following tra? 


jJrom a normal dog. Doa given 200 grams hoiled heet 


BEFORE 
TRANSFUSION 
24 HOURS 


Volume of urine 350 
Specific gravity 1043 
Acidity 57 

Total nitrogen, grams 6 5.220 
Amino acid nitrogen, grams 0.562 166 
Urea, grams 250 
Ammonia, grams 550 
Chlorides, grams 0.091 
Phosphorus, grams 52 0.470 
Sugar, grams 7 14.000 


of the urine sugar in the case of the diabetic dogs, these daily 
variations are not definitely related to the transfusion. There 
are also fluctuations in the percentage of the urine sugar in the 
diabetic dogs, but these do not account for the characteristic 


lowering of the glycosuria by the transfusion (Table I\ In 


1 out of the 5 transfusion experiments in the diabetie dogs, there 
is a slight diminution in practically all of the urine constituents 


24H 
1024 L048 
14} 6S 
7 S40 OOO 
480 0.510 
> cau 
0 560 0.510 
0.025 O}] 
0 480 
350 
1046 
60 
7.060 
0.592 
6 360 
710 
O25 
650 
16.500 
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for the first 24 hours following the transfusion (see Table III). 
The other four groups of the diabetic dogs are practically identi- 
cal with the one given in Table II. It is therefore clear-that the 
temporary decrease in the glycosuria following these trans- 
fusions cannot be accounted for by kidney injury. So far as 
can be determined by examination of the urine this transfusion 
has no effect on the kidneys or on the general level of the body 


metabolism. 


dD ahet 


The reader will note the very low output of total chlorides 
in diabetie dogs. This was a uniform result. On the same diet 
the diabetie dogs eliminated in the urine only about one-seventh 
to about one-tenth of the chlorides found in the urine before 


pancreatectomy. Are these chlorides eliminated in the feces? 


Or, are they retained in the tissues? These dogs showed no 
evidence of edema, and Dr. Carlson informs me that he has never 
observed any tendency to edema in pancreatic diabetes in dogs. 
The cause of this lowered output of urine chlorides in pancreatic 
diabetes is being further investigated in this laboratory. 

We desire to express our hearty gratitude to Drs. A. J. Carlson 
and F.C. Koch for their supervision and advice while this work 


Was In process. 


TABLE I\ 
re and for 24 ho tranefe doa VI (see Table Ii 
EFORI ANSFUSION 310N 

‘ 
) 5.30 2 20 Al 
20 2.42 5.50 3 1.48 2.64 
17 2.59 6.47 53 1.40 
{23 1 75 5.73 1.15 1.70 
2 5.49 12 2.04 
2 3.38 
Total 19.18 9.48 Total 10.52 2.65 


THE THRESHOLD STIMULUS OF THE CHORDA 
TYMPANI NERVE IN RELATION TO SALIVARY 
SECRETION AND VASODILATION 


CHARLES M. GRUBER 


for publication December 15, 1914 


A vast amount of work has been done on the chorda tympani 
nerve in regard to secretion and vasodilation, but no accurate 
determination of the threshold stimulus of this nerve as far as 
I am aware has yet been made. In some cases the investigators 
attempted to obtain some idea of how strong a current is neces 
sary to produce a secretion of saliva or to bring about dilation 
of the vessels in the submaxillary gland supplied by this nerv« 
They employed the method of moving the secondary coil a cer 
tain distance from the primary coil without taking into conside1 
ation tissue resistance. Since it is only recently that a reliable 
method for determining the strength of faradie stimuli has been 
worked out, it is not surprising to find very little literature 
directly pertaining to the subject here involved. 

The present investigation was undertaken (1) to determine 


what is the weakest stimulus required by the chorda tympani 


(a) to produce a secretion of saliva, (b) to produce dilation of 
the vessels supplied by this nerve and (2) to determine whether 
or not a difference exists in the threshold stimuli necessary to 
produce these phenomena. 


THE METHOD 


Dogs, anaesthetized with ether and quickly decerebrated, 
were employed in these experiments.'. The skin was cut on the 
median line of the neck and the mylo-hyoid muscle eut and laid 


1 Gruber: This Journal, 1913, xxxii, p. 438 
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back exposing the chorda tympani nerve and the submaxillary 
duct. The nerve was isolated and freed from as much fascia 
as possible. A glass electrode? was placed on the nerve so that 


the cathode was proximal to the gland. Stretching and unnec- 
essary handling of the nerve were avoided. 

The method used to indicate the presence of salivary secretion 
was very simple. A cannula was inserted in Wharton’s duct. 
\s the saliva was secreted it fell in drops upon a lever attached 
to a receiving tambour, which, in turn, was connected to a re- 
cording tambour. When very weak currents—those nearing 
the threshold—-were used direct observation of the saliva ac- 
cumulating at the end of the cannula was necessary. 

In much the same manner vasodilation was recorded. A 
cannula was placed in the external jugular vein after all the veins 
contributing to it, save the one supplying the submaxillary gland, 
had been tied off. The rate of blood flow was recorded in drops. 
Kach drop, falling on a lever attached to an electro-magnetic 
signal, broke the circuit, thus causing a mark to be made on the 
surface of the drum by the signal. Later tambours were used 
instead —-a receiving and a recording tambour—like those used 
in recording salivary secretion. 

The threshold stimulus was measured by means of the Martin 
method in which the strength of stimulus is calculated in 8 units.’ 
The position of the secondary coil, in every case, was read by 
moving it away from the primary coil until the smallest amount 
of vasodilation or of secretion of saliva occurred. Four of these 
readings were made, one with tissue resistance and the others 
with 10,000, 20,000 and 30,000 ohms resistance in the secondary 
circuit. Immediately after the determination of the position 
of the secondary coil, before the electrodes were disturbed in 
any way, three readings of tissue resistance were made.‘ 

The strength of the primary current for determining the thresh- 
old was either 0.1 or 0.2 amperes. The rate of stimulation was 
usually five per seegnd. This rate was chosen because it was 

> Sherrington: Journal of Physiology, 1909, xxxviii, p. 382. 

Martin: Measurement of Induction Shocks, New York, 1912, pp. 60-69. 

‘Martin: Loc. cit., pp. 71-93 
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found favorable to produce dilation of the vessels supplying the 


extremities,® it seemed therefore probable that it might prove 
favorable in the production of dilation of the vessels supplied 


by the chorda tympani. Slower and more rapid rates were also 
employed. The inductorium which was used throughout had 
a secondary resistance of 2400 ohms. This was added to the 
average tissue resistance in making ‘corrections. Corrections 
were also made for core magnetization. In this coil the value 
of K was 0.22. 

Carlson found it possible upon stimulating the cervical sympa- 
thetic to obtain, in some cats, marked dilation of the vessels 
without secretion of saliva.? Such was not the case, I found, 
upon stimulation of the chorda tympani. In the experiments 
here performed the strength of stimulus necessary to produce 
secretion also produce vasodilation in every case and vice versa. 
Table 1 shows the thresholds thus obtained. The Z units varied 
from 2.2 to 12.80 or an average for the sixteen experiments of 
5.4 Z units. 8 units were ealeulated each time and these varied 
from 1.6 to 7.58 or an average for the sixteen experiments of 
3.14 8 units (see table | 

The results here obtained are interesting in that they agree 
closely with those obtained upon stimulation of the cervical 
sympathetic in cats. Mendenhall found the threshold of this 
nerve for constriction of the vessels of the nasal membrane to be 
7.89 Z units and 4.58 6 units.§ Still more striking is the simi- 
larity between the threshold of the chorda tympani and_ the 
threshold of the cervical sympathetic when the average of the 
thresholds (pupil, nictating membrane, and nasal vasoconstric- 
tors) of the latter nerve is taken —6.65 Z units and 3.86 8 units. 
This similarity can easily be understood if we consider the fact 
that a ganglion is traversed in each case. Langley has shown the 
presence of nerve cells within the hilus of the submaxillary gland 


> Bowditch and Warren: Journal of Physiology, ISS6, vii, 
ibid., 1889, x, p. 390. 
6 Martin: Loc. cit., p. 46 
Carlson: This Journal 
§ Mendenhall: This Jour 
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itself,’ which cells bear the same relation to the chorda tympani 
as does the superior cervical sympathetic ganglion to the cervical 
sympathetic nerve. 

It can be seen, upon comparison, that the thresholds of the 
chorda tympani and the flexion reflex of the hind leg of a eat, 
are markedly similar. Porter found 5.2 Z units and 2.7 8 units 


necessary to arouse this reflex.'°. In my experiments on the 
TABLE I 
The threshold stimulus of the chorda tympani nerve as shown by the dilation of the 
vessels in the submaxillary gland and by the secretion of saliva 
Z uNres ‘ 3 

2.20 1.60 0.75 

3.65 0.50 

3.65 1.60 0.44 

3.60 >.20 0.90 

1.17 206 0.50 

4.17 2.40 0.58 

20 2.40 0.57 

1.74 0.39 

4.59 2 03 0 48 

2.90 0.63 

2 0 62 

3.26 0.71 

0.42 

6.37 t. 44 0.70 

7.94 2.96 0.37 

11.90 0.74 

12.80 7.58 0.59 

Average.... 5.45 3.14 0.58 


peroneus communis nerve and the tibialis anticus muscle (nerve 
muscle preparation) I found that the threshold stimulus was 
1.2 8 units."' Porter found the threshold for a simple nerve 
muscle to be 1.4 8 units. 

For thirty-one experiments Porter obtained a ratio of 8 to Z 
of 0.57.2 Mendenhall found the ratio for his twelve experi- 

® Langley: Journal of Physiology, 1890, xi, p. 125. 

10 Porter: This Journal, 1912, xxxi, p. 148. 


"Gruber: Loc. cil., p. 477 
12 Porter: Loc. cit., p. 148 
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ments to be 0.58.%% In these sixteen experiments the ratio for 
the average 8 to Z is 0.58. This, however, is merely a coincidence 
because if any experiment is omitted from the series, the ratio is 
changed. For example if the last is omitted then the ratio is 
0.52 instead of 0.58. It has been suggested recently that this 
ratio may be taken as a quick means of calculating 8 units for a 
whole series of experiments. Upon this suggestion I reviewed 
my experiments upon the thresholds of the peroneus communis 
nerve and the tibialis anticus muscle. It may be well to give the 


TABLE Il 
Ti veraqe hreshold hliained upon th eu i 
i cle 

Z 3 3 y 
1.78°* 1 18 0.63 > 
Nerve muscle 3.907 OS 0.78 10 

25 .82 IS SO 0.73 
10 26 9Q 85 0 0 

23.50 IS.70 0.49 
28 40 25.00 0.74 
Denervated muscle 150.501 61.40 0.40 6 

Chorda tympani 5.45 3.14 0.58 


* Gruber: This Journal, 1913, xxxii, p. 477; ibid, p. 448 
t Ibid, 1914, xxxili, p. 338 
t Ibid, 1914, xxxiv, p. 92. 


average Z units and the average 8 units of those experiments In 
this connection (see table 2). 

From table 2 it can be seen that a wide variation exists in the 
ratios of 8 to Z in the several series of experiments performed. 
If however, we take the ratio of the average 6 to the average 
Z it will be 0.57. But if an average of the ratios is made it will 
be 0.66. Moreover, since the value of 8 depends upon the tissue 
resistance as well as upon the Z units it is quite important that 
the tissue resistance in all cases be the same if § is to be caleulated 


13 Mendenhall: Loc. cit., p. 60 
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in this way. In table 1 we have three examples which show 
variations in §’s calculated from like Z’s with different tissue 
resistances, e.g., two Z values of 4.17 with resulting 8 units of 2.0 
and 2.4, two Z values of 3.65 with 6 units of 3.20 and 1.6, and 
three Z units of 4.59 with ¢ units of 2.03, 3.26 and 2.9. Porter 
shows a marked difference between ratios of single 8’s and their 
Z's. These range from 0.23 to 0.92 with an average ratio of 
0.59 for the seventeen experiments on the flexion reflex and from 
0.13 to 0.83 with an average ratio of 0.55 for the fourteen experi- 
ments on the nerve muscle.“ From these results it is quite 
evident that the Martin formula or the formula established by 
Wilbur must be employed to calculate the 6 units accurately 
even for a long series of experiments." 

A few experiments were performed by employing different 
rates of stimulation. The threshold stimulus remained the same 
when the rate was from 3 to 15 per second. As the rate was 
decreased below 3 per second the threshold increased. It was 
possible to bring about a secretion by a single make or break 
shock but the strength of current necessary was greatly in ex- 
cess of the threshold stimulus. 


SUMMARY 


1. The threshold stimulus for dilation of the vessels in the 
submaxillary gland and the secretion of saliva of this gland are 
the same. 

2. The rate of stimulation within certain limits (3 to 15 per 
second) does not influence the thresholds of vasodilation and 
salivary secretion. For lower rates an increase in the threshold 
stimulus is necessary to bring about these changes. 

3. The average threshold stimulus of the chorda tympani was 
found to be 5.4 Z units and 3.14 8 units. This threshold is practi- 
sally the same as that found by Mendenhall for the cervical 
sympathetic nerve. 

4. A fixed ratio of 8 to Z cannot be used to determine accur- 
ately the 8 units of a series of experiments of any length. 


14 Porter: Loc. citl., p. 148. 
16 Martin: Loc. cit., p. 60; Martin Bigelow and Wilbur: This Journal, 1914, 
Xxxili, p. 416. 
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It is an old observation that progressive bleeding decreases 
the coagulation time of the blood. Gray and Lunt! have sum- 
marized the literature on this subject. We will, however, re- 
view briefly the chief explanations which have been offered for 
this decrease in coagulation time. 

Hewson? in 1780 attributed the increased coagulability to 
a probable change in ‘‘that state of the blood vessels on which 
the thinness and lessened tendency of the lymph to coagulate 
depends; which surely is a very curious circumstance.’ Nasse 
in 1842 and Briicke* in 1857 confirmed the observation as to the 
increased coagulability but showed at the same time a decrease 
in the fibrin content of the blood. This fact led them to con- 
clude that the fibrin content and the rate of coagulation of the 
blood do not necessarily run parallel. Milian® in 1901 making 
his observations on hemorrhage following capillary puncture, 
thought that the increased coagulability was due to a local 
accumulation of a coagulating substance, stored in the skin and 


' Gray, H. and Lunt, L. K.: American Journal of Physiology, 1914, xxxiv, 332 

* Hewson, W.: Experimental Inquiries into the Properties of the Blood, 1780 
Part I, Experiment XX, 55. 

> Nasse, H.: Handwoérterbuch der Physiologie (Wagner), 1842, I, 75 

4 Briicke, E.: Archiv fiir Pathologische Anatomie und Physiologie und fii 
Klinische Medizin (Virchow), 1857, xii, 81, 172 

5 Milian, G.: Mémoires de la Société de Biologie, 1901, lili, 556, 576 
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in the tissues and released when they were wounded. Arloing® 
in the same year, experimenting with venous hemorrhage and 
finding the same shortening of coagulation time, opposed Milian’s 
view of a local secretion of coagulating substance by the cells 
of the skin and tissues but suggested the possibility of an in- 
crease in fibrin ferment, resulting from an alteration in the blood 
when it came in contact with the lumina of the tubes which 
carried it from the veins to the receiving flasks. Arthus’ in 
1902 suggested that the acceleration of the coagulation time might 
be due, not to a quantitative increase in the amount of fibrin 
ferment in the blood after hemorrhage, but to an acceleration 
of its production. Hartman’ in 1909 was unable to choose 
between diminished oxygen, augmented carbon dioxide, aug- 
mented fibrin ferment, and augmented flow of tissue thrombo- 
kinase. Von den Velden’ in the same year explained the de- 
creased coagulation time as the result of an augmented thrombo- 
kinase which reached the blood stream through an influx of tissue 
juice, and confirmed the observation of Nasse and Briicke that 
an immediate decrease in the fibrin content of the blood accom- 
panies the decrease in coagulation time. 

In order to throw further light on this interesting problem 
and to determine whether or not a quantitative alteration in 
the different factors of coagulation corresponding to a change 
in coagulation time might be observed, we undertook the series 
of experiments which are reported in this paper. In each experi- 
ment determinations of the coagulation times and analyses of 
the factors of coagulation were made before and after successive 
hemorrhages. 


I. METHODS OF WORK 


The technique of obtaining and examining the specimens of 
blood and of determining the coagulation times was as follows. 
The test animal was first anaesthetized with urethane (2 grams 
® Arloing, F.: Mémoires de la Société de Biologie, 1901, liii, 675 
7 Arthus, M.: Journal de Physiologie et de Pathologie Générale, 1902, iv, 2 


§ Hartman, J.: Miinchener Medizinische Wochenschrift, 1909, lvi, 796. 
® Von den Velden, R.: Archiv fiir Experimentelle Pathologie und Pharmakol- 


>. 


ogie, 1909, Ixi, 37. 
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per kilo). The femoral or in some cases the carotid artery was 
next exposed, ligated distally and clamped proximally. A glass 
cannula washed with oxalate solution was then slipped into an 
oblique cut in the artery but not tied, the clamp was released, 
and the blood allowed to flow from the cannula. Blood ob- 
tained in this way supplied the specimens to be analyzed for the 
factors of coagulation and the specimens upon which coagulation 
time was determined. The specimens to be analyzed for the 
factors of coagulation were collected in glass graduates con- 
taining | per cent sodium oxalate in a 0.9 per cent sodium chloride 
solution in the proportion of 1 ec. of oxalate solution to 8 ec. of 
blood. A few drops of blood were first allowed to drop into a 
graduate containing the oxalate; the specimens upon which the 
coagulation time was determined were next collected in two test 
tubes (diameter 10 mm.), each graduated to hold 1 ee.; after 
which procedure the collection of the specimen to be analyzed 
was completed. The purpose of this order of work was to obtain 
for the determination of coagulation time a specimen of blood 
which had not stood in contact with the injured vessel wall and 
vet one which represented the condition of affairs in the body 
before the bulk of the hemorrhage occurred. The amount of 
the hemorrhage varied in different animals depending on their 
size. At the end of the bleeding the vessel was clamped proxi- 
mally and the cannula removed. 

As soon as the blood for determining coagulation time was 
collected, the tubes were placed in a water bath and kept at 
37°-38°C. until they could be inverted without dislodging the 
clots. Observations were made by gently tilting the tubes at the 
end of five minutes and then at the end of every minute. Each 
coagulation time was taken with a stop-watch which was started 
as soon as the blood began flowing into the tube. 

At an interval—usually of twenty minutes the procedure 
described above was repeated, and a second determination of 
coagulation time (represented by the average of the two tubes 
was made, and a corresponding oxalated specimen obtained to 
be analysed for the factors of coagulation. A fresh cannula 


or the old cannula freshly washed was used. This process of 
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bleeding at intervals of about twenty minutes was continued until 
the animal died. The later hemorrhages were of course smaller 
than the earlier ones, but varied in amount indifferent experiments. 

After the death of the animal the specimens of oxalated blood 
were centrifugalized for 10 minutes at high-speed, and the plasma 
pipetted off. A portion of the plasma from each specimen was 
used to make prothrombin determinations; a portion was used to 
make ‘antithrombin determinations; and a third portion (10 ce. 
if possible) was used to make fibrinogen determinations. In five 
experiments platelet counts!° were made before each hemorrhage. 

The methods of making prothrombin and antithrombin de- 
terminations were those described by Howell" and reviewed 
by Drinker and Hurwitz in an article not yet published. The 
fibrinogen determinations were made by the heat coagulation 
method. 

II. EXPERIMENTAL DATA 


Nine experiments were done on cats and eight on rabbits. In 
every experiment in which the coagulation time as a whole 
decreased there was a decrease in the amount of antithrombin. 
In all but two cases there was a steady fall in the fibrinogen 
content. The behavior of the prothrombin was irregular, on 
the whole tending first to increase slightly in amount and then 
to decrease. This irregularity in the prothrombin reaction 
depends to a certain extent upon the variations in antithrombin. 
With a fall in antithrombin one would expect a relative increase 
in prothrombin, though the absolute amount of the substance 
remained constant. In view of this fact the slight relative fall 
in prothrombin occurring in a number of our experiments in as- 
sociation with a fall in antithrombin, indicates a still greater 
absolute fall in the amount of prothrombin in the blood. 

The following protocol illustrates the method by which our 
results were obtained. In this case the amount of prothrombin 
increased slightly while the amounts of antithrombin and fibrin- 
ogen decreased. 

© Wright, J. H. and Kinnicutt, R.: Journal of the American Medical Associa- 


tion, 1911, lvi, 1457. 
"! Howell, W. H.: Archives of Internal Medicine, 1914, xiii, 76. 
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Time, 12.11 p.m. 

Amount, 23.5 cc. 

Coagulation time (1) 14 minutes, 11 seconds. 
(2) 13 minutes, 49 seconds. 

Average, 14 minutes. 


Time, 12.30 p.m. 

Amount, 18 ce. 

Coagulation time (1) 12 minutes, 123 seconds. 
14 minutes. 

Average 13 minutes, 6} seconds. 


Third Bleeding 
Time, 12.50 p.m. 
Amount, 18 ce. 
Coagulation time (1) 12 minutes, 7 seconds. 
12 minutes, 
Average 12 minutes, 15 seconds. 
Death at 12.52 p.m. 


OO 


HEMORRHAGE 


Date, August 22, 1914. 
Weight cat, 2 kilos. 
Anaesthesia begun, 11.40 a.m. 
Operation begun, 12.03 p.m. 


First Bleeding 


9) 


(2) 


Antithrombin 
drops 


1 


1 


PROTOCOL——EXPERIMENT 


Urethane anaesthesia. 


Second Bleeding 


23 seconds. 


ANTITHROMBIN DETERMINATION 
Specimen 1 


Time Interval 


COAGULATION 


Fibrinogen 
drops 


10 
10 
10 
10 


10 
10 
10 
10 
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Thrombin | | Coagulation 
drops minutes minutes 
3 I 15 15 
: 4 15 10} 
5 15 73 
6 Lo 6 
Average, 9.81 
Spec tien 2 
1 15 13) 
l 15 9} 
6 15 5} 
Average, 62 
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S pec 3 


Thromb Antithrombir Time Internal Fibrinoger Coagulation 
0 drops minutes drop minutes 
3 l 15 10 6 
i ] 15 10 5} 
5 1 15 10 4 
6 l 15 10 3} 
Average, 4.62 


Control 


Fibrinoger Coagulatior 
drops drops minutes 
3 10 5 
10 4 


In making antithrombin determinations the selection of a 
definite end-point is somewhat difficult. The antithrombin 
delays or even prevents the formation of a solid clot. In our 
opinion the first definite appearance of coagulum in the clear 
solutions used is the safest end-point to employ, and we have 
used it throughout our determinations. In all of our experiments 
the average of the four antithrombin observations on each speci- 
men has been used to represent the antithrombin factor in that 


specimen. 
PROTHROMBIN DETERMINATION 
Spee 1 
Oxalated Plasma 0.5% CaCh Coagulatior 
drops drops minutes 
5 2 5 
) 
5 
5 5 
5 6 4} 
Tube containing optimum amount of CaCl, = 4} minutes. 
Specimen 2 
5 2 33 
5 3 3} 
5 4 34 
9 
» 
5 6 3 


Tube containing optimum amount of CaCl, = 3 minutes. 
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=) 
~ 
4 
ts 


) 
5 2 
5 6 

Tube containing optimum amount of CaC] 2) minutes 


The end-point in each prothrombin reaction is reached at the 

moment when the tube can be inverted without dislodging the 

a clot. Great care must be taken not to jar the tubes while the 

clots are forming. In all of our experiments the prothrombin 

factor in each specimen is represented by the lowest figure in 

the series—i.e., the time required for clotting in the tube con- 
taining the optimum amount of calcium. 


Coa oy, 
S4lation 7 


2 ime 
3 
ane? 
= 
= 
t jo 
5 Anti, 
| ein | 
4 
| 
9) ‘ 
4 : 
2) 
3 
s 2s jo 3s 
Minutes: Interval between Bleedings 


Fig. 1 experiment LV. 


FIBRINOGEN DETERMINATION 


Specimen 1: 0.2137 gram in 100 ce. plasma. 


Specimen 2: 0.1822 gram in 100 ce. plasma. 


»~ 


Specimen 3: 0.1350 gram in 100 ee. plasma. 
Figure 1 (Exp. IV) represents the results of this experiment 
plotted graphically. 
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Minutes: Interval between Bleedings 
Fig. 2. Experiment IX. 


Figure 2 (Exp. IX) represents the results of an experiment in 
which there was very little variation in the coagulation time, and 
a correspondingly small variation in the amount of antithrombin. 
The amount of fibrinogen increased slightly and then fell slightly, 
this experiment constituting one of the two exceptions to our 
observation of a steady fall in the amounts of fibrinogen. The 
amount of prothrombin rose slightly and then fell slightly, which 
in our experience was the most characteristic prothrombin 
behavior. 


—le = 
a st —ic 
£ = 2 
= | 3 
= —e & 
| 
— 
~~ Antithy, 2 
~LM bin —s & 
| = 
— = 
| | | | } | | 
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Minutes: Interval between Bleedings 


Fig. 3. Composite Curve, Cat. 
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Figure 3 is a composite curve embodying the coagulation times 
and the antithrombin and prothrombin determinations in our 
nine experiments on cats. The points to be noted are: (a) the 
fall in the amount of antithrombin corresponding to the decrease 
in coagulation time; and (b) a slight increase and then a slight 
fall in prothrombin. The final increase shown in the curve 
represents a single determination and is therefore unimportant. 
The fibrinogen determinations on cats are shown in Table 2, 
which contains a summary of the results of our entire series of 
experiments. 

Discovering that at room temperature during a short period 
of contact with thrombin solution, the antithrombin in rabbits 
acts much more potently than does the antithrombin in cats, 
we determined to use the rabbit as a test animal. 

The following protocol represents a typical rabbit experiment. 

PROTOCOL—EXPERIMENT X\ 

Date, October 9, 1914. 

Weight rabbit, 2.6 kilos. Urethane anaesthesia. 

Anaesthesia begun, 10.35 a.m. 

First Bleeding 

Time, 11.22 a.m. 

Amount, 13 ee. 

Coagulation time (1) 18 minutes, 54 seconds. 

(2) 18 minutes, 10 seconds. 

Average 18 minutes, 32 seconds. 

Second Bleeding 

Time, 11.223 a.m. 

Amount, 13 ce. 

Coagulation time (1) 18 minutes, 20 seconds. 

(2) 18 minutes, 5 seconds. 

Average 18 minutes, 12} seconds. 

Third Bleeding 

Time, 11.47 a.m. 

Amount, 12 ce. 

Coagulation time (1) 15 minutes, 58 seconds. 

(2) 15 minutes, 52 seconds. 


Average 15 minutes, 55 seconds. 
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Time, 11.473 a.m. 
Amount, 12.5 ce. 


DRINKER AND C. 


Fourth Bleeding 


DRINKER 


Coagulation time (1) 14 minutes, 45 seconds. 


(2) 


Average 15 minutes, 333 seconds. 


Death at 11.55 a.m. 


ANTIT 


Lhrombin Antithrombin 


{rop. drops 


3 l 


5 l 
l 


HROMBIN 


Spectmen 1 


Time Interval 
minute 
15 
15 
15 
15 


Spec 2 


l 5 
15 
15 
15 


Spe 
15 
15 
15 
15 


Specimen 
15 
15 
15 


Control 


Fibrinogen 


drops 


‘ 
‘ 


16 minutes, 22 secon 


9 


Is. 


DETERMINATION 


Fibrinogen 
drops 
‘ 


Average, 


Average, 


Average, 


«] 


Average, 


Coagulation 
minutes 


91 


91 
“4 


Coagulatior 
minutes 
56 


1 
111 
54.18 
] l 7 SO} 
7 623 
7 52 
6 7 233 
54.62 
| 
I 
3 l 
7 16 
7 333 
6 I 7 15} 
38 
3 64 
{ 17 
5 331 
11.8] 
3 7 = 
| 
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PROTHROMBIN DETERMINATION 


Spec imen 1 
Oralated Plasma 0 Cal Coa 
t dr rop 
5 9 8} 
. 5 3 6 
) 
5 5 7 
5 6 7 
Tube containing optimum amount of CaCl 6) ( 
- 
3 
7 
) 5 7 
) 
Tube containing optimum amount of CaC!] 6§ minutes 
3 
2 11 
3 
‘ 
93 
5 
- 
) 6 
Tube containing optimum amount of CaC] S} minutes 
si 
) 
3 10 
10 
10 
5 10 
Tube containing optimum amount of CaCl 9} minutes 


FIBRINOGEN DETERMINATIONS 


Specimens 1 and 2 (mixed): 0.3240 gram in 100 e¢. plasma 

Specimens 3 and 4 (mixed): 0.2475 gram in 100 ce. plasma. 

Figure 4 (Exp. XVI) shows a marked decrease in coagulation 
time; a marked fall in antithrombin; a fall in fibrinogen: first 


a decrease and then a final increase in prothrombin. 


Figure 5 (Exp. X) shows a decrease in prothrombin after two 
bleedings and then a slight increase. The fibrinogen has in 
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creased slightly (0.0168 gram) instead of falling. The coagula- 

tion time and the antithrombin have both decreased steadily. 
Figure 6 is a composite figure embodying the coagulation 

times and the antithrombin and prothrombin determinations in 


39 
3 36 
al 
} 4 
6 
_j34 
6 
4 = 
32 
x 
3 < 
30 
5 \3 
\ 
‘2-4 \ 429 
2 3 \ 428 
~ \ 
4 ja 
\ 
\ | 
_jas 
\ 
{3 = 
\ = 
\ = 
22 
\ 
™ 
rms 
\ | 
\ | 
|) \ | 
\\ 
asl \ 
25. 


Minutes: Interval between Bleedings 
Fig. 4. Experiment XVI. Minutes 1 to 16 in the right hand column, being 
unnecessary in the figure, are omitted in order to save space. 


our eight experiments on rabbits. It shows the same features 
which we have demonstrated in the composite curve of our 
experiments on cats: (a) a steady fall in antithrombin corre- 
sponding to a decrease in coagulation time; and (b) a slight 
increase, then a slight fall in the amount of prothrombin, and a 
final return to practically the original amount (two observations). 
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Our fibrinogen determinations on rabbits are shown in Table 2. 
The individual determinations vary less than those made upon 
eats but, with one exception, they show the same downward 
trend. 

Thinking that possibly a marked change in the number of 
platelets after severe hemorrhage might be a factor to be con- 
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Minutes: Interval between Bleedings 


Fig. 5. Experiment X. Minutes 1 to 10 and 17 to 28 in the right hand column 
being unnecessary in the figure, are omitted in order to save space 


sidered, we made platelet counts in five experiments before the 
first hemorrhage and then after each bleeding, but found practi- 
‘ally no change in their number. 

A comparison of the average results of our experiments on 
cats and those on rabbits is of interest. The behavior of the 
prothrombin in the two series of experiments was in general the 
same—a slight initial increase and then a slight decrease in 
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amount. In both series there was a steady fall in fibrinogen: 
in the cats an average decrease of 0.0762 gram per 100 ce. of 
plasma after three bleedings: in the rabbits an average decrease 
of 0.0770 gram after three bleedings and 0.0811 gram after four 
bleedings. The following table gives a comparison of the per- 
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Minutes: Interval between Bleedings 


Fig. 6. Composite Curve, Rabbit. Minutes 1 to 10 and 17 to 25 in the right 


hand column, being unnecessary in the figure, are omitted in order to save space. 


centages of the average decrease in coagulation times and in the 
amounts of antithrombin following each hemorrhage in the two 
series of experiments. 
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TABLE 1 


CAT RABBIT 


Percer tage P tag 
ercer i tage 
decrease in ecreast 
coagulatior guiat crea 
ur ithron 
time t 

2d specimen 11.1 15.1 5.4 6.7 
3d specimen 15.4 30.9 17.8 
4th specimen 25.0 26.4 24.8 25.9 
5th specimen 27 .0 34.6 31.6 
6th specimen No specimen 2.2 


obtaine | 


Table 2 gives a summary of the results obtained in our entire 
series of experiments. 


DISCUSSION AND CONCLUSIONS 


Coagulation Time. Our experiments, in aceord with the 


observations of other investigators, show that rapid progressive 
hemorrhage causes a decrease in coagulation time. An occasional 
animal proves an exception to this rule, and shows practically 


no change in its rate of clotting no matter how severe the hemor 
rhage (e.g., Exps. II and XI in Table 2), but the majority of the 
animals show a gradual steady fall in the rate of coagulation as 
the hemorrhage proceeds. 

Antithrombin. In our series of experiments, the decrease in 
coagulation time is accompanied by a decrease in the amount 
of antithrombin. Whether or not this change is the result of a 
simple dilution of the blood by an influx of fluid from the tissues, 
or whether it is due to a decrease in the amount of antithrombin 
formed, we are unable to say. In either case the fact of diminu- 
tion remains. Gray and Lunt! have shown that there is no 
decrease in coagulation time after hemorrhage in an anterior 
animal (i.e. an animal in which the aorta and vena cava are li- 
gated just above the diaphragm). This observation may be easily 
reconciled with our experiments. If the decrease in antithrombin 


>Gray and Lunt: Loc. Cit. (1 
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EFFECT OF HEMORRHAGE ON COAGULATION 


OF BLOOD 


which we have observed is due to a decrease in the amount formed, 
we may assume that antithrombin is formed in one of the ab- 
dominal organs. In support of such an assumption there is 
considerable evidence to show that the liver is very active in 
antithrombin production. 

If the decrease in antithrombin is a matter of dilution, we 
know that the major portion of the fluid entering the blood after 
hemorrhage comes from the abdominal region. This fluid which 
enters the blood after hemorrhage is, in our opinion, lymph, not 
tissue juice. If it could be shown that tissue juice—-the fluid 
obtained from wounded tissues—entered the blood after hemor- 
rhage, we could readily explain our diminished amount of anti- 
thrombin by assuming that a large portion of it was neutralized 
or fixed by the thromboplastin in the tissue juice. In this way 
the amount of free antithrombin in the blood would be dimin- 
ished, and our tests for it would show this reduction. But 
lymph, on the contrary, is not rich in thromboplastin. Howell 
has shown very recently that lymph contains prothrombin and 
antithrombin in the same concentration as blood plasma, but 
much less thromboplastin. There is, therefore, a relative ex- 
cess of antithrombin in lymph which explains its long coagu- 
lation time. Addition of thromboplastic material (tissue extract 
or kephalin solutions) causes lymph to clot promptly and firmly. 
In view of these facts it would seem that an influx of lymph 
into the blood after hemorrhage would bring with it a relative 
excess of antithrombin, which would increase the coagulation 
time of the blood instead of decreasing it. It is perhaps more 
reasonable to suppose that the decrease in antithrombin which 
we have demonstrated is the result of diminished antithrombin 
production. 

Prothrombin. The behavior of the prothrombin in our experi- 
thents varied in different animals: occasionally it increased 
steadily in amount, occasionally it decreased steadily, but in 
the majority of cases it first increased slightly and then de- 
creased slightly. The only conclusion in regard to the prothrom 


Howell, W. 


H 


American Journal of Physiology, 1014, xxxv, 483 
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bin which we feel warranted in making is that the prothrombin 
changes in our series of experiments do not offer any explanation 
for the decrease in coagulation time which occurred. 

Fibrinogen. The fibrinogen in our experiments, as estimated 
by the heat coagulation method, gave marked variations as to 
the amount present in different animals, a fact in accord with 
Whipple’s observations,"* but remarkably uniform results as to 
the effect of hemorrhage on the fibrinogen content of the blood 
of individual animals. 

As time has passed we have felt more and more certain that 
this method of estimating fibrinogen is open to question. In 
Table 2, it may be noted that while one cat shows a normal 
content of 0.0675 gram of fibrinogen per 100 ec. of plasma, 
another cat shows a normal content of 0.5342 gram. These 
figures give the maximal variation, 0.4667 gram, which we found 
between two different animals. Whipple’s maximal variation 
in dogs was 0.6686 gram per 100 ce. of plasma, but he never 
obtained in normal animals the very low figures of 0.0675 gram 
and.0.0843 gram which we encountered twice in this series of 
experiments, and which we have found a number of times in 
some experiments on rabbits not yet reported. None of these 
animals possessing an apparently very low fibrinogen content 
showed any bleeding tendencies but seemed normal and healthy 
in every way. We have taken every precaution to assure our- 
selves that there has been no technical error in the application 
of the method, and we are convinced that there is enough vari- 
ation in the reactivity of fibrinogen to heat to render the heat 
coagulation method of determining this substance of somewhat 
questionable accuracy. 

Our data in regard to fibrinogen is as follows. With the 
exception of two eases (Exps. LX and X) all of our determinations 
showed a steady decrease in the amount of fibrinogen following 
each hemorrhage. The average fall from the normal in all 
cases of specimens obtained at the third bleeding was 0.0766 
gram per 100 ce. plasma. 


‘Whipple, G. H.: American Journal of Physiology, 1914, xxxiii, 50. 
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Dreyer has shown that the fibrinogen content of the blood 
increases after hemorrhage provided the interval between bleed- 
ings is a period of twenty-four hours. It is possible that in our 
experiments the apparent reducing effect of rapid progressive 
hemorrhage upon the fibrinogen content of the blood, is in real- 
ity a false one. It may be that instead of an actual fall in the 
amount of the fibrinogen, there occurs some alteration in the 
fibrinogen itself which diminishes its responsiveness to the heat 
coagulation test. On the other hand we must rememberthat 
Nasse, Briicke, and von den Velden have all reported an im- 
mediate diminution in the fibrin content of the blood following 
severe hemorrhage, and at the same time an increase in the speed 
of coagulation. 

There remains to be considered the question as to whether or 
not the results which we have obtained in our analyses of the 
factors of coagulation after hemorrhage are sufficient to explain 
the decrease in coagulation time which occurred, but this question 
unfortunately must remain unanswered. A decrease in anti 
thrombin will of course favor more rapid clotting, but whether 
or not the decrease which we have shown is sufficient to com- 
pensate for a certain amount of diminution in prothrombin and 
for a possible diminution in fibrinogen also, we are unable to say. 
The fact that there was very little change in antithrombin in two 
of our experiments in which the coagulation time was practically 
constant seems suggestive in this connection. 

We believe that the chief interest in these experiments lies in 
our demonstrations of a variation in antithrombin. Except 
for the experiments of Davis'® showing the production of an anti- 
thrombin wave as the result of thrombin injections and the work 
of various investigators on the increase in antithrombin as the 
result of peptone injections, all previous work on the anti 
thrombin in the blood has indicated that this substance is re- 
markably constant. Thrombin and peptone injections produce 


Dreyer, G. P.: Studies from the Biological Laboratory of the Johns H 


kins University, 1893, v, 77 


§ Davis, D American Journal of Physiology, 1911, xxix, 160 
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an increase in the amount of antithrombin. Our experiments 
are the first instance in which there has been reported a positive 
decrease in the antithrombin content of the blood. 


SUMMARY 


1. Rapid progressive hemorrhage causes a progressive de- 
crease in coagulation time. An occasional animal proves an 
exception to this rule and shows no change in its rate of clotting, 
no matter how severe the hemorrhage. 

2. Antithrombin decreases in amount when the coagulation 
time decreases and remains practically constant when the coagu- 
lation time is unchanged. 

3. Prothrombin tends first to increase slightly in amount and 
then to decrease slightly. 

4. Fibrinogen, estimated by the heat coagulation method, 
decreases as bemorrhage progresses. 

5. Platelets counts do not vary with rapid progressive hemor- 
rhage. 

We wish to thank Dr. W. B. Cannon for his interest and advice. 
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The experiments of Mall' pertaining to the influence of the 
portal system upon the distribution of the blood, have been 
cited repeatedly in proof of the contention that the portal vein 
is controlled by vasomotor nerves. The observation which is 
generally regarded as adequate to fully substantiate this con- 
clusion, consists in the fact that high occlusion of the abdominal 
aorta fails to destroy the rise in the carotid blood pressure which 
usually accompanies splanchnic stimulation. Mall states that 
‘Wenn sich die Aorta so verstopfen liisst, dass den Arterieniisten 
unterhalb des Zwerchfells kein Blut mehr zufliesst, und wenn 
dann die Reizung des Nervus splanchnicus den Druck in der 
Carotis noch steigert, so ist damit streng bewiessen, dass nur 
die aus dem Portalsystem durch das Herz in das Aortenwerk 
eingefiihrten Blutmassen den Druck erhéht haben.” 

It is the purpose of the present discussion to show that this 
‘“‘proof’’ is open to several serious objections. While, no doubt, 
an augmentation in the carotid blood pressure can be obtained 
under the conditions here briefly outlined, the conclusion based 
upon it, that the portal vein is innervated by veno-motor nerves, 
must be regarded as not having been substantiated. 

Mall states that no blood can reach the arteries below the 
diaphragm, if the aorta is occluded by a ligature at a point 
directly below the origin of the arteria subclavia sinistra. This 
ligation having been effected, the crural artery will always be 
found free from blood, but such a result cannot be attained if 
the aorta is obstructed immediately above the diaphragm. 


1 Archiv fiir Anat. und Physiologie, 1892, 409. 
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The statement is also made that the occlusion of this blood 
vessel is compensated for in the course of time. Quite similarly, 
stimulation of the splanchnic nerves results in an augmentation 
of the general blood pressure, but the rise is more marked if the 
posterior part of the body is first rendered ‘‘bloodless.’”’ Thus, 
values of 200 mm. Hg. are seldom reached with the aorta intact, 
while the compression of this blood vessel enables the pressure to 
rise to points considerably above this level. -In accordance with 
Mall this secondary rise finds its origin in a rapid influx of blood 
from the portal vein occasioned by the constriction of this blood 
vessel. 

Contrary to Mall it has been demonstrated by Vehlich? that 
a certain amount of blood will find its way into the crural artery 
of the dog even after the aorta has been ligated below the sub- 
clavian artery. A similar result has been obtained by Hering*® 
who states that this procedure renders the arteries of the abdomi- 
nal cavity of rabbits only partially bloodless, i.e., ‘“beim Auf- 
schneiden fliessen immer noch ein bis zwei Tropfen Blut ab.”’ 

The conclusion to be drawn from these experiments is that the 
compression of the aorta at the point indicated does not lead to 
a confinement of the blood in anterior channels, but rather favors 
its escape from them by opening up a very effective system of 
anastomosing blood vessels. By dividing the body transversely 
Vehlich has shown that these connecting blood vessels are lo- 
cated within the vertebral column. It must be admitted, how- 
ever, that the establishment of this fact by physiological means 
has not augmented our knowledge materially, because this 
anastomosis seems to have been clearly recognized many years 
before the time of publication of the article of Vehlich and even 
before the appearance of the paper of Mall. Thus, Ellenberger 
and Baum‘ state that the arteria spinalis anterior passes to the 
posterior end of the cord by making use of the sulcus longi- 
tudinalis anterior as its highway. This blood vessel receives 
connecting branches from the intereostal, lumbar and _ sacral 


° Pfliger’s Archiv, xev, 1903, 264. 
Pfliiger’s Archiv, Ixxii, 1898. 
‘ Anntomie des Hundes, Berlin, 1891. 
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arteries. Moreover, Heidenhain® made the observation that 
occlusion of the aorta does not always provoke a fall in the crural 
blood pressure to zero and concluded, therefore, that an arterial 
communication is present somewhere in the domain of the spinal 
column.° 

The existence of an anastomosis of this kind is also made very 
probable by the experiments of Basch and Oser.? Having 
ligated the aorta above the diaphragm, these authors injected 
nicotine into the current of the carotid artery. Very pronounced 
contractions of the intestine resulted in consequence of this 
procedure which, however, were interpreted as proving that this 
drug possesses a central action. Under quite similar experi- 
mental conditions Pal® employed morphine to test the effect of 
this agent upon the centers of the splanchnic nerves. Luchsinger 
believed that the action of pilocarpin in causing a secretion of 
sweat upon the paws of the cat’s foot, is entirely central, because 
this effect could also be obtained after ligation of the abdominal 
aorta. 

This deduction, however, does not seem to be justified, because 
Robillard’ has shown that the injection of pilocarpin does not 
produce a secretion of sweat if the tibial nerve is made to form 
the only connection between the foot and the remaining portion 
of the posterior extremity. <A true central stimulation, as may 
be had, for example, by an accumulation of carbon dioxide, will 
however, readily produce a secretion of sweat at this time. 
Sodium iodide injected into the carotid artery or jugular vein 
of dogs, could easily be shown to be present in the blood of the 
crural artery after ligation of the aorta. It could also be de- 
tected after these animals had been divided transversely in such a 
way that the spinal column formed the only connecting bridge 
between the anterior and posterior segments of their bodies. 
This proof of Vehlich has been greatly amplified by him. For 

Pfliiger’s Archiv, xlix, 226. 

® Compare: Mares, Pfliiger’s Archiy, xlvii, 1903, 567 

7 Wiener: Med. Jahrbiicher, 1872 

’ Wiener: Med. Presse, 1900, No. 45. 


® Pfliiger’s Archiv, xv, 1877, 482 
10 See Biedel, Wiener Med. Presse, 1899 
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example, he has been able to incite rises in the crural blood pres- 
sure by injecting adrenalin into the vascular circuits of the fore 
part of the body and has succeeded in recovering from this blood 
vessel coloring material that had been added to the carotid blood 
stream. 

These experiments, as well as others that might still be men- 
tioned, prove conclusively that the ligation of the thoracic 
aorta, as practised by Pal and Mall, does not lead to a cessation 
of the circulation through the channels located below the dia- 
phragm. Hence, all conclusions which are based upon an 
assumption contrary to this fact, cannot be regarded as being 
in agreement with well established anatomical and physiological 
data. 

The second discrepancy pertains to the size and location of 
the vascular field which is controlled by the splanchnic nerves. 
The conelusion of Mall relative to the motor power of the portal 
vein, is based upon the phenomenon that stimulation of the greater 
splanchnic nerves induces rises in the carotid blood pressure 
even after the thoracic aorta has been ligated. The claim is 
made that the constriction of this bloodvessel causes a transfer 
of portal blood into the arterial channels sufficient to produce 
this change. It must be evident that if the augmentation in 
the carotid pressure is to be regarded as an indication of an active 
reduction in the size of the portal bloodbed, the vascular field 
governed by the splanchnic nerves, must be carefully restricted 
to this venous channel. The question whether Mall has actually 
succeeded in narrowing the area experimented upon in a satis- 
factory manner must be answered negatively. 

Based largely upon the presentation of Swan,'! it is stated by 
Mall that each splanchnic nerve arises by three separate strings, 
namely, as the splanchnicus major, minor and tertius. Dense 
networks of fibres appear in the vicinity of the adrenal bodies, 
from which others continue onward to aid in the formation of the 
superior mesenteric and coeliac masses of the solar plexus. To 
quote further: ‘“ Ausser den Zweigen zum Darm kanal und seinen 


't Comparative anatomy of the nervous system, London, 1864. 
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Driisen sendet das Ganglion noch zuweilen solche zur Niere.”’ 
Obviously, the picture which is drawn here regarding the dis- 
tribution of the splanchnicus is very indefinite, and is much 
less accurate than the description given upon page 569 of Ellen- 
berger and Baum’s Anatomie des Hundes. As this work has 
been cited by Mall, its contents pertaining to the sympathetic 
innervation of the abdominal parts, must or should have come to 
his attention. 

While still incomplete, the description of Ellenberger and 
Baum is not at all inconclusive or evasive regarding the sym- 
pathetic innervation of the kidneys. Contrary to the preced- 
ing quotation, it is stated here very clearly that the ‘‘rami renales 
kommen aus der caudalen Seite des Geflechtes—und bilden im 
Verein mit Zweigen vom Ganglion mesentericum superius um 
die Nierenarterie den Plexus renalis; die Fiiden desselben umspin- 
nen die Nierenarterien und dringen in den Nierenhilus ein.’ 
These authors even mention the fact that the splanchnic nerves 
supply the supra-renal bodies; and possess other intra-abdominal 
ramifications. 

It must be conceded, therefore, that the nerves in question 
control a vascular field which is very much larger than that 
drained by the portal vein. Hence, when the stimulation of the 
splanchnic nerves incites an augmentation in the carotid blood 
pressure, this rise cannot be said to have been caused solely by 
constrictive reactions in the portal vein. In accordance with the 
evidence just submitted, they may indeed be referred to motor 
activities in several other circuits possessing a sympathetic 
nerve supply. The possible contention that, if compared with 
the portal blood flow, these extra-portal blood streams become 
of negligible importance, cannot justly be offered in support of 
the conclusions of Mall, because a brief comparison of the 
blood supply of the kidneys with the portal bloodflow will show 
the opposite to be true. In accordance with the calibrations 
furnished by Burton-Opitz,” a liver weighing 500 grams receives 
about 7.0 ce. of blood in a second or 420 ce. in a minute. Of 


Quarterly Journal of Experimental Physiology, v, 1912, 189 
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this total amount nearly three-fourths are gathered from the 
portal organs. A liver of this weight we may expect to find in a 
dog weighing about 15 kg. and, as the total quantity of blood 
present in an animal may be roughly calculated at one-thirteenth 
of the body weight, the entire mass of blood must traverse this 
organ once in every three minutes. 

When reference is had solely to the total blood supply of organs, 
the liver no doubt ranks first among the structures of the body, 
but if especial emphasis is placed upon the amount of blood 
that is allotted to each 100 grams of substance in a unit of time, 
this organ cannot be said to be as vascular as the kidney. Upon 
this basis, the combined arterial and venous supply of the liver 
amounts to only 1.40 ee. in a second or to 84 ce. in a minute, while 
the venous stream alone possesses a value of 59 ce. in a minute. 
Opposed to this figure, we have a minute-volume for the renal 
vein of 151 ce. per 100 gram of kidney-substance."* Clearly, 
therefore, the kidney is an organ that must be reckoned with. 
It is compact and, while it does not contain a considerable 
quantity of ‘‘residual”’ blood, it is capable of taking up large 
amounts of blood by simply permitting the latter to flow through 
its channels without much hindrance. Thus, we know that the 
renal vein frequently discharges a quality of blood which is 
markedly lighter than that contained in the vena cava; its color, 
in fact, often closely approaches that of the arterial blood. Ex- 
cepting the thyroid body, the kidney is the most vascular structure 
in the body and naturally, the value given previously gains much 
in importance, if it is doubled to represent the amount of blood 
discharged by the two organs." 

It has been shown by Burton-Opitz and Lucas that the shut- 
ting off of the arterial supply from one of these organs suffices 
to cause an augmentation in the general blood pressure. Similarly, 
it has been proven by them that this result may also be attained 
by excitation of the greater splanchnic nerves. Hence, the quan- 


See: Burton-Opitz and Lueas, Pfliiger’s Archiv, exxiii, 1908, 156. 
4 In a dog weighing about 16 kg. each kidney discharges 1.64 cc. of blood in a 
second. The weight of each organ amounts to 65 grams; hence, each 100 grams of 


substance receive 151 ec. of blood in a minute. 
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tity of ‘‘residual’” blood which is discharged under these condi- 
tions by the constricting renal bloodvessels, must indeed be con- 
siderable. If now it is taken into account that Mall has also 
disregarded the haemodynamical influence of other extra-portal 
structures; for example, that of the supra-renal bodies, it becomes 
quite evident that the rises in the carotid blood pressure obtained 
under the conditions previously outlined, cannot be referred 
solely to constrictive reactions in the portal vein. 

In order to amplify his results Mall has also resorted to ex 
citation of the splanchnic nerves after temporary occlusion of the 
portal vein and vena cava below the diaphragm. The carotid 
pressure was observed to decline subsequent to the ligation, but 
was seen to rise during the period of stimulation. In accordance 
with this result the statement is made that the splanchnic nerv 
undoubtedly possess the power of removing the blood from the 
liver. The stimulations were confined at first to the different 
roots of the splanchnic nerve, but a record was also made of th 
excitation of the peripheral end of the network of fibres accom- 
panying the hepatic artery. 

Whether the conclusion just quoted has been. satisfactorily 
proven by the tests just briefly outlined, must remain doubtful, 
because no data are given regarding the exact location of the 
ligatures. The anastomosis between the different portal trib 
utaries, as well as between this svstem and more central channels, 
is very complete. We have seen prey iously that one of the es 
sential preliminary procedures, namely, the obstruction of the 
thoracic aorta, has failed in its purpose on account of the pres- 
ence of anastomosing arterial channels. It has been proven 
that a cessation of the arterial’ influx cannot be accomplished 
in this way. 

Concurrently, no reason seems to be at hand to assume that 
the object which Mall hoped to attain by obstructing the inferior 
cava, has actually been attained. In fact, it is admitted in the 
paragraphs now under discussion that the vena portae is connected 
with the heart by more than one channel. It is stated here that 
the path of least resistance leads through the liver, and the one 
of greatest resistance through the vena azygos. Mall also 
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shows that a communication exists between the mesenteric 
veins and the vena azygos. 

Resort was also taken to the ligation of the inferior cava 
above the diaphragm and hence, presumably, centrally to the 
orifice of the hepatic vein. When this blood-vessel was obstructed 
in addition to the thoracic aorta, the excitation of the splanchnic 
nerves failed to induce the characteristic augmenting effect in 
the carotid blood pressure. In fact, this procedure was invari- 
ably followed by a decline in the general blood pressure. In 
illustration of this result I quote the figures of a part of experi- 
ment II. To begin with, the carotid pressure amounted to 
i134 mm. Hg. Measured atintervals of 10 seconds, the ligature 
of the eava above the diaphragm induced the following values: 
104, 80, 47, 36, 22, and 14 mm. Hg. 

While the absence of an augmentation in the carotid blood 
pressure fails in this case to strengthen the assumption that the 
portal vein possesses constrictive powers, it proves very sug- 
gestive in another way. ‘To be sure, any confinement of the blood 
in anterior vascular channels produces at first a decided rise in 
the carotid blood pressure which, however, is compensated for 
in & measure within a reasonable time thereafter. It appears to 
me that the fall in blood pressure of 120 mm. Hg obtained within 
a period of 60 seconds, does not point so much towards a com- 
pensatory approximation of the anterior vascular channels as 
towards a rather free leakage of blood into the supposedly tight 
vascular compartments posterior to the ligatures. This result 
might indeed, have suggested to Mall that the occlusion of the 
thoracic aorta does not prevent the blood from escaping into 
posterior bloodvessels. 

In referring to the description of the splanchnic nerves by 
Ellenberger and Baum, the statement is made by Mall that: 
‘‘In letzterem Werke werden abweichend von meinen Befunden 
statt eines drei Plexus supra-renales beschrieben.’’ I quote 
from page 569 of this work as follows: ‘‘Nahe dem dorsalen 
Rande derselben (Nebenniere) nimmt der N. splanchnicus ein 
Ganglion in seine Bahn auf, von dem ein stirkerer oder zwei 


schwiichere Zweige nach dem Ganglion coeliacum, das zur Seite 


3 
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der A. coeliaca liegt, abgehen, wihrend ein anderer Zweig sich 
mehr caudal wendet und noch ein bis zwei kleinere Ganglien 
aufnimmt. Dabei verbindet sich dieser Zweig mit den drei 
splanchnici minores und bildet mit ihnen gemeinsam das an 
der medialen Fliche der Nebenniere gelegene Nebennierengeflecht 


(Plexus supra-renalis). Aus demselben und zwar wesentlich 
aus seinen Ganglien gehen, ete.’ I venture to believe that a 


scrutiny of this description will show that Ellenberger and Baum 
should not be charged with having recognized three plexus supra- 
renales. The fact that they have not fallen into so obvious an 
error is shown especially well towards the end of this description, 
where they consistently refer to this plexus by the singular term. 

I would also call attention to another misconception.  [f it is 
granted that stimulation of the peripheral end of the hepatic 
plexus leads to the removal of acertain quantity of blood from the 
liver even after the vena portae has been ligated, the deduction 
might seem justifiable that this bloodvessel possesses motor activ- 
ity. Such a conclusion, I venture to believe, is not warranted 
upon the basis of Mall’s experiments, because the liver derives 
its blood from two sources. Obviously, therefore, the preceding 
deduction can be accepted as proven only under the condition 
that the arterial supply has been prevented from reaching this 
organ. In the first place, considerable histological evidence is 
at hand to show that the arterial and portal terminals com- 
municate with one another in the liver." Secondly, it has been 
established by Burton-Opitz'® that the occlusion of the portal 
channel at the hilus does not lessen the blood supply of this organ 
in a corresponding measure, but whenever such a procedure is 
attempted, an increase in the arterial influx results which in 
part compensates for the quantity of portal blood lost. 

My objections to the conclusions now under discussion are 
only technical, however, because I myself have shown that the 
intra-hepatic bloodvessels are equipped with motor mechanisms. 
One of these is situated in the terminals of the hepatic artery 


15 See Gad, Dissertation, Berlin, 1873 Also Kéllicker’s Gewebelehre 


'6 Quarterly Journal of Experimental Physiology, ii, 1911, 93 
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and the other in the radicles of the portal vein.'? This result 
has been arrived at (a) for the arterial channels under exclusion 
of the portal blood, and (b) for the venous tubules under ex- 
clusion of the arterial influx. Again, I have sought to establish 
the existence of these mechanisms in each case separately by 
calibration of the arterial and portal blood streams before and 
during the stimulation of the hepatic nerve fibres, as well as 
before and after the administration of varying quantities of 
adrenalin. 

In this connection mention must also be made of the fact 
that the term “portal vein,’’ as formerly used, no longer conveys 
a clear impression regarding the exact seat of the vasomotor 
reactions. Reference may be had, on the one hand, to the trun- 
eal portion of the vein and, on the other, either to its terminals 
in the liver or to its radicles in the different organs forming the 
portal system. While we know that the arterial entrance to 
the portal vein is well guarded peripherally by very efficient 
motor mechanisms located within the domain of the different 
‘portal’ organs, it cannot be said that the existence of such a 
mechanism in the truncal segment of this channel has been 
definitely established. I believe that in the absence of more 
specific statements, Mall’s references to the portal vein are 
usually thought to apply to the trunk of this bloodvessel. 

I venture to believe that the statements of Mall quoted in 
this paper, have been disproven in a satisfactory manner without 
that a further discussion of minor errors becomes necessary. 
\s has been emphasized previously, my principal objections 


against the conclusions of Mall are (a) the improper limitation 
of the vascular fields experimented upon (b) the only partial 
degree of anaemia which ligation of the thoracic aorta pro- 


duces, and (c) the imperfect localization of the reactions for which 
the intra and extrahepatic anastomosis of the blood-vessels are 
responsible. 


Quarterly Journal of Experimental Physiology, vii, 1913, 57. 
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INTRODUCTORY 


One of the commonly accepted functions of the pupil of the 


eye is that of compensating its dioptrie defects. Owing to the 


chromatie and spherical aberration of the refractive system of 
the eve the light from a bright point of an outer object does not 
come accurately to a focus upon the retina, but forms there a 
small diffusion cirele of light, which if large enough has blurred 
vision as its effect. Astigmatism adds to this effeet, and if irregu- 
lar introduces additional irregularities, causing still furthe: 
imperfectness of the image. The pupil by reducing the size of 
the light-pencil, reduces also the size of the diffusion-cirele and 
other irregularities, gives a clearer image and consequently better 
vision. The present work was undertaken to estimate the im- 
portance of this function of the pupil and further to find by ex- 
periment how far the eye is actually subject to that which physi- 
cists designate as the resolving power of its optical system. The 
image of a bright point, such as a star, when formed by the ob- 
ject-glass of a telescope, and looked at through a highly magnify- 
ing eye-piece, is seen not to be a mere point of light, but a central 
point of light in a concentric series of dark and bright annuli, 
each bright ring being of greater intensity than those surrounding 
it, and the central point being the brightest part of the figure. 
This pattern is due to diffraction and interference of the light 
waves passing through the lens-aperture, and is not to be con- 
founded with the diffusion circle previously spoken of, for it is 
something wholly different. A detailed explanation of its origin 
can be found in the text-books on physical opties (1), (2), (3). 
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It is sufficient to state here that it has been empirically found 


that the eye is just able to differentiate two such images when the 
central point of one falls in the darkest part of the inmost dark 
ring of the other, independently of the magnification introduced 
by the eye-piece. The condition of this is expressed by the 
formula. 


Where 0 = the angular separation of the two bright points 
subtended at the optical center of the image-forming system 
( expressed ), 

radius 

N the wave-length of the light concerned, 

and D =the diameter of the lens-aperture (these last two 
being expressed in equal units). 

Inspection of the formula shows that the larger D is, the smaller 
is ®@. That is, the resolving power is proportionately greater, 
the larger the aperture. This is contrary in sense to the usually 
accepted view as to the effect of the pupil of the eye, and pre- 
supposes a lens system free from defects. From this it would 
at once appear possible, by using a sufficiently small diaphragm 
before the eye, to so reduce the effectiveness of its optical im- 
perfections, and at the same time decrease its resolving power as 
explained above, that the eye would be subject chiefly to the 
latter, and that under certain conditions at least a smaller aper- 
ture would actually give lower visual acuity than a larger one. 
The present work shows that this effect can be obtained, and 
just how far it is effective. 


HISTORICAL 


The writer has.found in the literature only two systematic 
investigations on the effect of pupillary width upon visual acuity. 
Whthoff (4) in 1890 studied this question as a preliminary one to 
determine the optimal size of an artificial pupil to use in the 
investigation of visual acuity in spectral light of different wave- 
lengths and intensities. He used diaphragms of various sizes 
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1.06 to 3.02 mm. diameter) and altered the slit-width of his 
spectrometer system inversely as the ares of the diaphragm used, 
so as to get equal luminous flux into the eye in all cases. He found 
that under high illumination a certain diaphragm of 2.06 mm. 
diameter gave the best vision, the next larger (8.02 mm.) and 
next smaller (1.55 mm.) giving lower values. In other sets of 
observations at lower brightness less energy admitted to the eve 
smaller apertures gave optimal results. Vision of course was 
lower throughout these sets. The results were given for wave 
lengths 505 wu and 605 wu, in both cases showing the facts just 
stated. He attributed this effect to diffraction, noting that 
with a 1 mm. aperture the limbs of the test-object appeared 
indistinct and broader as the limit of vision was reached, whereas 
with the larger diaphragms they continued to be sharply out- 
lined up to the point of unrecognizability. He concluded 
that the diaphragm of 2.06 mm. diameter was the best one to 
use, as above that the optical irregularities of the eyes were in 
evidence. 

Hummelsheim (5) in 1898 used homatropin and pilocarpin 
to vary the size of the pupil, and determined visual acuity by 
means of the Snellen illiterate character EE under daylight 
luminations varying from 1 to 200 mk.' The illumination was 
controlled by window shades and measured with a Weber photo- 
meter. His results showed visual acuity with the contracted 
pupil to be higher and with the dilated pupil lower than with 
the normal pupil, the differences showing a tendency to dis- 


appear at low illuminations, under which conditions vision drop- 


ped to lower values in all cases. The smallest pupil worked with 
in his two observers was 1.5 mm. in the case of both eyes of 
the one and 2.25 mm. in the other. 


'Meter-Kerzen. The candle referred to is the Hefner unit; approximately 


0.9 international candle. 
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THE PRESENT WORK 
Apparatus 


The test object used is one which has already been described 
(6) [see also (7) (8)] and permits of continuous variation in the 
width of a set of parallel bands without altering any other factor 
in the stimulus. The average brightness of the test field is equal 
for all widths of the bands. The observer, by means of a small 
hand-wheel, pulleys and a cord, is enabled to adjust the object 
while observing it, and instructed to keep it just at the limit of 
visibility, that is to make the lines gradually smaller while they 
are visible, and to increase their width while invisible. The 
movements of the test-object thus brought about are recorded 
on a kymograph drum by means of a lever and writing point. 
At the beginning or at the close of the experiment the abscissa 
lines are drawn in by setting the test-object successively at even 
millimeters and giving the drum one revolution. To get the 
mean setting of the instrument for any period it is necessary to 
scale the ordinate at each time-mark (every 5 seconds of the period 
and compute the setting of the instrument corresponding to the 
mean ordinate. 

The changes in the eye-aperture are- brought about by using 
small diaphragms of blackened brass, as close as possible to the 
observing eye. The distance from the eye to the plane of the 
test-object is 125 em. and the diameter of the circular field of 
the latter 3.5 em. The distance from the diaphragm to the pupil 
of the eve is perhaps 1.5 em. so that the divergence of the light- 
rays between the artificial and natural pupils is in the neigh4{or- 


I.” 
1.5 em. or about 0.4 mm. This applies to the 


hood of 

125 
light from the entire face of the test object. The light from any 
point on its surface forms a pencil whose divergence after leaving 
the diaphragm, nearly 125 em. away, is proportional to the 
diameter of the latter and negligible in the short distance remain- 
ing before it enters the pupil of the eye. The diaphragm is 
then the aperture from which the theoretical resolving power of 
the system is to be computed, and there is assurance that the 
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portion of cornea and lens used does not exceed the diaphragm 
by more than 0.4 mm. in diameter. 

In order that the diaphragm should always be centered in the 
visual axis certain precautions are used. The test-object is 
viewed against a milk glass illuminated from behind by a lamp 
on an enclosed track. The room is kept dark except for an electric 
wall light back of the observer, which by means of a rheostat 
he can dim to a point such that the surroundings of the bright 
test field are just visible. The opening of the diaphragm, close 
to the eve, then appears as a blurred dim circle, and the observer's 
head, supported by a forehead-and-chin support is adjusted so 
that the test field appears exactly in the center of the circle. 
The wall light is kept lit during the experiment so that the 
observer always has a check on the position of his eve. The 
right eve is always used, vision by the other being cut off by a 
small black cloth hanging before it. 

Six diaphragms are used of openings 1, 1.4, 2, 2.8, 4, 5.6 mm 
in diameter respectively, each having therefore approximately 
double the area of the next smaller. It is obvious that a change 
in the size of the diaphragm changes the amount of light entering 
the eve, and consequently the brightness of the image. Further, 
it is well known that simple increase in the brightness of a test 

In order to show that the artificial pupil was always the limiting aper 


photographs of the eyes used have been since taken by flash-light. A millit 


scale was placed beside the eve and its photograph used to measure 


pupil. The test-object was set at its highest brightness (189 candles per squ 
mete! ind the wall light used as in the experiments ‘Two photog 

eye were taken, one as soon as possible after entering the experiment 
another on another day aiter 2U minutes spent n manipul 

the test-obiect as in the experiment rhe results gave the foll 


diameters 


( 6.0 0 ( 

(; 6.5—6.7 6] 

6.8—7.0 ( 4 

Che uncertainties in this method ! rement i I} 

showed a tenden« to sn ller« imetel ( 
Evidently the conditions under which these measurements were taker 
the artificial pupil) let more light into the eye than any experimental cor 
used, and even the largest artificial pupi 5.6 mn tionnbl 


imiting aperture in the experiments 
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object increases the power of the retina in the perception of its 
detail. It is, therefore, necessary if we wish to gain knowledge 
of the character of the retinal image under varying apertures to 
eliminate differences of brightness of the retinal image. This is 
accomplished by a method about to be described as one detail 
of the experimental procedure. 


Procedure 


The 5.6 diaphragm is put in place. The observer, seated 
properly, begins to operate the test-object by means of the hand- 
wheel, and at a word from him the drum of the kymograph is 
started. He keeps the lines of the test-object as nearly as possible 
at the point of disappearance (or reappearance) and at the end 
of a minute the kymograph is stopped, the next smaller diaphragm 
substituted, a one-minute run taken and so on. .When the 
smallest diaphragm is reached, a second run is taken with it, 
after a brief rest, and the series so repeated in reverse order. 

Refore each run, the lamp illuminating the test object is moved 
to such a point that the change in the amount of light entering 
the eve due to the change in the area of the diaphragm is bal- 
anced by an inversely proportional change in the brightness of 
the test-object. For example in changing from the 1.4 mm. 
diaphragm to the I-mm. the illumination is increased as (1)? to 
(1.4)? or doubled, so that the retinal image of the test-object 
remains of the same brightness. This is practically accom- 
plished by determining photometrically the positions of the lamp 
on the track which give illuminations as 1, 2, 4, 8, 16 and 32 and 
using each with its proper diaphragm. 

The object of this detail of the procedure is to equalize all 
factors on which vision may depend other than those inherent 
in the refractive apparatus of the eye and dependent in magni- 
tude upon the size of the aperture. Better vision results from 
simple increase in the amount of light, and if this were not com- 


pensated, might result from it alone when the aperture is increased. 
By diminishing the illumination of the test-object the retinal 
image is In each case brought to equal mean illumination, and a 
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difference in visual acuity can under such conditions be due only 
to unequal perfectness of the respective images. 

With each observer, two series were taken as described, and 
two more without compensatory change of the illumination 
with the lamp at the nearest and farthest positions respectively. 
This latter gave the test field an average brightness of 5.92 can- 
dles per square meter measured photometrically, and the former 
consequently 32 times this or 189 candles per square meter.’ 


Re sults and Discussion 


The detailed results from the three observers are given in the 
table together with the mean of the results for each set of con- 
ditions. These latter are embodied in the curves in figure 1. 

From the table it will be seen that of the three observers, (4 
yielded (with few exceptions) the lowest values for visual acuity 
and J the highest while G stood between the two. It is further 
to be noted that every series of results showed a maximum value 
at some particular diameter of aperture, and that diameters 
greater and less than this optimum in the same series both gave 
lower results. This is to be attributed to the predominance of 
the effects of optical defects in the case of the larger diaphragm, 
and of the diffraction effect in the case of the diaphragm smaller 
than the optimum. In support of this it is to be noted that the 
mean variations of the individual results of the three observers 
from the average of the three are less under like external con- 
ditions for the small apertures, and increase somewhat irregularly 
with increase in the latter. In going from larger to smaller aper- 
tures the individual differences in the various eyes, in respect 
to their refractive regularity, become less and less important 


3A perfectly diffusing surface which reflects all the light cast upon it has a 
brightness of 1 candle per square meter when the illumination upon it is * meter- 
candles. The two brightnesses given would then be matched by such a surface 
under illuminations of 18.6 and 593 meter-candles respectively. Aay other surface 
which absorbs a part of the light would require a correspondingly higher illumi- 
nation upon it to present an equal brightness. 

4C wore correcting glass, —0.25 Dsph. + 1.75 D Cyl. Axis at 90 The other 
observers required no correction 
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and the diffraction effect, dependent alone on the size of the 
artificial pupil used and hence equal for all the eyes, increases 
and finally predominates in determining the limit of visual 
acuity. 


The Relation between Visual Acuiiy and Size of Artificial Pupil 


BRIGHTNESS APERTURE MILLIMETERS 
CANDLES WER 
RVER 
5.6 | M.V ¢ (|M.V.| 2.8 | M.V 2 1.4 |M.V 1 |M.V. 
l ( 0 0.27 5.28 0.11 14 0.2 0.14 4.88 0.2 95 0.04 
( 2: 0.72 ).27 0.27 489 0.29 89 0.1 
( I J 0 0.16 0.21 0.09 6.48 0.14 5 l ¢ 1 0 0.04 
Me 7 ( 9 
) 0.67 0 ).29 0.19 
l ( 5 4 0.11 6.15 0.03 6.44 0.10 6.23 0.15 5.24 0.04 { 
189 ( S 0.04 | 0.02 6.70 0.28 6.49 0.12 5.29 9 4.08 0.02 
| 0.18 8 0.08 8.06 0.08 7.17 0.21 5.44 0.06 ; OF O 
Mea 6 &7 07 >. 32 
0.96 0 0 6 0 O08 
Il ( 4.7 0.17 ».01 0.2 0.15 | 4.32 0.1 4.19 ) ) 4 09 
( ) 0 1 0.16 5 2 0 ) 0.08 
J 7 )11 0.05 6.90 0.27 6.13 0 ) 4.57 0.28 
M 7 ( ».24 4 44 
,\ a" 0.91 0.9 0 60 0 61 0.17 ( 


The values for visual acuity here given are in terms of the instrument read- 


g 
ing. They may be translated into Snellen units by multiplying by 0.231 

The results in Division I of the table are the means of four one-minute runs 
for each observer, in Divisions II and III two. The columns headed “M. V.”’ 
give the mean variations of the separate results from the mean for each case 
Similarly, the final results from the separate observers under identical condi- 
tions have been averaged and their mean variations given in the horizontal 
rows also designated ““M. V.’ 

The St latte I the refore , Measure the divergence of results bet ween observe rs, 


the former the divergence of the individual observer’s results. 


[t is interesting in this connection to compute the resolving 
power of the eye with the smallest diaphragm used and compare 


This comparison is to be qualified, owing to the fact that in the test-object 


lines are only maxima and minima in brightness, the 


used the bright ind dark 
transition from the one to the other being a gradual one. In the case of the usual 


test-characters the transition is of course abrupt, between the low uniform bright- 


ness of the black and the high uniform brightness of the white parts of the test- 
object 


when X 


separation of the bright lines, 


represents 


mental conditions have to do with 


The optimal 
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1 mm. 0 (expressed in minutes 


read 4.00 is 2.16 minutes —showing the observers’ 
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by italicization of the results in the table. It will be seen that 
as a general rule, the eye which under equal conditions gives the 
best values for visual acuity, demands a larger pupil, other fac- 
tors being equalized, than does an inferior eye to give the best 
result of which it is capable. Since caeteris paribus visual acuity 
increases with increase of brightness of the test-object, it is not 
surprising that where the brightness of the retinal image is 
allowed to increase with diameter of pupil (Divisions II and ITI 
of the table) the size of aperture for optimum vision is somewhat 
larger than it is when the test-object brightness is so compen- 
sated as to equalize the brightness of the retinal image ( Division 1). 

Uhthoff obtained results mentioned above, with whieh the 
present ones are in agreement. On the other hand, Hummelsheim 
found increase in vision with decrease in pupillary diameter 
without exception. The fact that he did not compensate the 
illumination to obtain equal brightness of retinal images does not 
account for the discrepancy. As far as can be gathered from 
his work in the case of the observer showing the lowest visual 
an artificially contracted pupil (1.5 mm.)}, was 2.3 at 200 mk. 
illumination, and with the natural pupil (4 to 4.25 mm. at this 
illumination) 2.0. The present results show nothing but decrease 
of visual acuity with decrease in aperture between these limits. 
Attention is called here to the additional fact that in the present 
work visual acuity shows an absolutely lower value within this 
range, at brightnesses both above and below that just mentioned 
as used by Hummelsheim. If these latter were plotted in figure | 
the points would fall on the 4mm. ordinate almost 40 per cent 
again as high as the present maximum (Snellen 1.68) and at a 
higher point as the zero ordinate is approached. This curve 
would be for a brightness of test-object intermediate between 
the two corresponding to the two dotted curves in the figure. 
This wide discrepancy is difficult to account for. It is to be borne 
in mind that the results of Uhthoff, obtained through technique 
similar to the writer’s agree well with the latter. There are 
three possible reasons for the difference. 

|. The fact that an artificial pupil allows a certain amount 
of divergence of the rays after passing through it, so that the 


area of the refracting surfaces of the eye so called into use is 
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somewhat in excess of the area of the artificial pupil. This would 
give the refractive errors of the eye greater weight than the cus 
of a natural pupil of the same apparent diameter. However thi 
difference due to this, as previously pointed out, is quite small 
2. The possibility in the present work that unknown to the 


observer his eye became, during the observation, somewhat 
decentered with reference to the axis of the system, so that in 
the case of the small diaphragm eecentrie portions of the refract 
ing surfaces of the eve came exclusively into play. This would 
tend to increase at least the chromatic error. There stands, 
however, the fact of the precautions used against this, and the 
further fact of the close agreement of all results obtained unde 
like conditions in the present work (Divisions I and II of table, 
under 1 mm. aperture). This last point seems to rule out 
any error which could fluetuate enough to cause this wid 
discrepancy. 

And 3, the fact that while Hummelsheim had his observers 
view the test character on a white card, with surroundings also 
illuminated and the immediate surroundings equal in brightness 
to the card, Uhthoff and the present writer used a test object on 
a background chiefly dark. Such a difference in external con- 
ditions undoubtedly affects the condition of the retina, although 
previous work (9) (10) has shown only a slight difference in visual 
acuity due to dark or bright surroundings, unless the latter are in- 
creased to a brightness considerably in excess of that of the test- 
object. This was not the case in Hummelsheim’s method, and 
further, such a condition (excessively bright surroundings) always 
results in lower visual acuity, not higher. 

The disagreement between his results and the present ones 
still wants explanation. 


Summary of Conclusions 


By the use of circular diaphragms before the eye it is shown 
that an aperture for optimal visual acuity exists somewhere 
between the limits 1 and 5.6 mm. for brightness of test-object 
from 5.9 and 189 candles per square meter. 

When the illumination of the test object is compensated for 
the size of aperture to give equally bright images upon the retina 
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the optimum is somewhat less than when constant illuminatipn 
is used and the brightness of the retinal image varies with the 
pupillary area. In the former case it falls at 2 to 4 mm., in the 
latter at 4 mm. on the average. Similar differences are plainly 
shown in the case of each of the observers. 

Those observers showing on the whole better vision show also 
a larger optimal pupil. 

With an aperture of 1 mm. diameter the several observers 
give almost identical results, which agree closely with the value 
of visual acuity calculated from the physical formula for the 
resolving power of the eye. Above this diameter the refractive 
errors of the eye and possibly also the limiting capacity of the 
retina itself come into play, and visual acuity, although at first 
increasing with increase of aperture, always fails to keep pace 
with the value computed from the formula. 

The optimal pupil corresponds on the whole with the size of 


pupil aecepted. as normal for all except extreme conditions, 


namely, 2.8 to4 mm. From this lower limit up to 5.6 mm. the 
Variations in visual acuity with size of aperture are not large 
enough to be of practical consequence. 

The writer wishes in conclusion to express the thanks due to 
his colleague, Dr. H. M. Johnson and to Mr. George Hathaway, 
technical assistant, for their co6peration and indispensable serv- 
ices as observers in this work, and to Mr. Albert Scheel and 
Mr. Roy Kerslake for the labor of computing the results. 
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It is well known that the subcutaneous, intramuscular or 
intravenous injection of pituitary extract into lactating animals, 
man included, leads to an immediate increase in the amount of 
milk secreted by the mammary gland, abnormally rich in fat. 
This fact would at once suggest a practical method of increasing 
the output of milk in dairy cattle or milch goats, but it is found 
that there is a diminution in the yield at the next milking period, 
so that for the twenty-four hours the total quantity of m 


cream is not increased. There would appear to be another rea 


son against the habitual use of pituitrine as a galactogogue, viz., 


that immunity to its action on the mammary gland is estab- 
lished. This, at any rate, we find to be the case in some of the 
goats with which we have been experimenting, and the obser 
vation we deem worthy of being put on record. 

In our experiments on milk secretion in the goat we have used 
one animal for pituitary injection, at various periods extending 
over one year, and have found that the extract appears to be- 
come less and less effective as time goes on. This goat, when 
she came into our possession (October 31, 1913), was in a late 
stage of lactation, having given birth to her last kid in the end 
of March or beginning of April of the same year. On January 
27, 1914, another kid was born. Neither of the kids was suckling 
when we made our experiments. 

In the subjoined table (1) will be seen the effect of the injee- 
tions (2 to 3 ee. of Parke, Davis and Company’s pituitrine) on 
the different dates. The goat was milked dry immediately before 
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injection and again fifteen minutes after. The last section of 
the table (beginning July 14, 1914) gives the quantities obtained, 
under the same conditions, when no injection was given, i.e., 
the animal was milked dry and then fifteen minutes later milked 
dry again. 


FAT PER ¢ 
BEFORI 
INJEC 


12.9 


12 
16 


10 


ings without injection 


10 


The next table (2) shows the results of the injection in the 
same animal (Goat I) made under somewhat different conditions. 
At 5 p.m. the pituitrine was injected without previous milking 
and fifteen minutes later the udder was milked dry. The amount 
of milk yielded at the same hour on the evening before, with- 
out injection, is taken as the control. 

In another series of experiments, made for a different purpose, 
we were able to compare the effects on two goats, one (Goat I) 
which had been used in this work for several months and the 
other (Goat II) which had been in our possession for only a 
few days. Goat II, an old animal, was giving more milk at 
the time than Goat I. 


rABLE 1 
Goal I 
ix 11LK ENT FAT PER CI 

Nov 7 dO SO Is.0 
Der 6 33 IS 5d 6.7 12.6 
1D 7 35 IS 51 6.3 10.2 

Kid born January 27, 1914 

1914 
July 13 7.8 
Oct l 28 2 S.3 
(et 16 25 9.5 
Oct. 20 9.7 

1914 
July 14 15 9 2 10.0 
Oct ” 30 l 3 8.2 
Oct 3 2d 
Oct 17 l 5 8.6 
Oct 19 20 2 | 

5 
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Mach was milked dry at 9 a.m. and again at 4 p.m.;: 
the pituitrine was injected and fifteen minutes later the udder 
was emptied again. In table 3 the first column shows the mill 
in cubie centimeters yielded at 4 p.m. and the second at 6.15 
p.m., after injection, for each goat. 

Comparing the numbers on the control days with those or 
the days of injection, in the case of Goat I there is very litt] 
difference, whereas in Goat II the contrast is marked. On June 
5 only 20 ce. of milk had accumulated in the gland between the 


hours of 4 p.m. and 6 p.m., while on the day following 


rABLI 


No Injection 


Injection 


June 3 No injection 


June Injection 
July No injection 
July 10 Injection 


same two-hour period, under the influence of pituitrine, 100 ce- 
was obtained. 

In a third goat the same effect is apparent. This was a young 
animal in her first lactation period. A kid was born on June 
26, 1914, and killed by dogs on July 1. The mother came into 
our possession on July 3 after which she was milked by hand 
regularly, morning and evening. 

On the dates given in table 4 this animal was milked dry at 
6 p.m., injected, and again milked 15 minutes later. On alter- 
nate days the same procedure was adopted except that no pitui 
trine was given; the results are recorded in the second part of 
the table. 


44) 
( 
MILK ID 
Nov. 19 No inijectior 5S 
Nov Ini tion SS 
Nov. 23 75 
Nov. 24 v0) 15 
14 
10) 7.4 
0 0 4 
0 
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June 
June 
June 


June 


June 


June 


\ 


1914 


10> 
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TABLE 3 


GO 
Milk in ce. 
4 p.m 6.15 
p.m 
1) 11 
35 15 
25 15 
on day chen ? 
15 
14 
LS 


glance at the figures given a 


AND R. L. HILL 
AT I GOAT II 
Fat per cent Milk in ec. Fat per cent 
6.15 6.15 6.15 
4 p.m p.m. p.m p.m 4 p.m p.m. 
6.5 90 100 7.8 | 10.5 
9.2 8.0 75 90 6.6 11.9 
7.8 6.4 SO | 70 8.0 10.0 
oO pituih ne was given 
7.6 5.4 100 7 3 
Sa S 4 SO 25 6.5 19 


hove W ill show 


that the mam- 


mary gland appears to become less and less susceptible to the 


influence of pituitary extract the longer the administration is 


continued. This applies both to the quantity of milk yielded 
and to its fat 


eontent. 


The 


et is 


1 


Goat I but it is also apparent in Goat IIT. 


July 
Oct. 


Oct 
Oct. 
Oct. 


rABLI 


Goat 


est seen 
AT 
AS 
1 

en 
21 6.8 
14 8.7 
14 
10 9.7 
ion 

2.9 4.2 
7 6.4 
10 6.4 
7 8.2 
5 9.0 


in the ease 


of 


6 
Contro 
5 
i 
| 
K IN | 
Befor Afte wie \ ite | 
July 10 110 60 
July 13 170 35 oS 
Oct l 70 10 10.0 
Oct 16 70 10 g 8 
Oct. 20 70 7 8 0 
Control milkings without 
a 14 200) 5 10.8 
2 70 5 
3 55 6 10.0 
17 70 5 10.4 
19 75 
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Hammond finds that a goat, in the early stages of lactation, 
is more sensitive to small doses than one in a later stage, but 
our doses were all maximal, that is, 2 ec. or more. The stage 
of lactation cannot be the sole influence since in tables 1 and 2 
both sets of observations were made about eight months after 
parturition, but in different lactation periods. 

If it be a fact that immunity is established, then the pituitary 
secretion cannot act as a stimulant for the mammary gland in 
normal conditions. 


SUMMARY 


The administration of pituitary extract, by intravenous, intra- 
muscular or subcutaneous injection, to a lactating animal leads 
to a marked ‘increase in the quantity of milk secreted and also 
in its fat content. In the goat, if the injection be continued 
at intervals over a prolonged period—several months—immunity 
to its action on the mammary glands appears to be established 
both in regard to the amount of milk yielded and the percentage 
of fat it contains. 


